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ABSTRACT 

This study is based on 1966 and 1967 Alberta waterworks pumpage and 
expenditure.data. The analysis is focused upon the identification and quanti- 
fication of factors that affect the level of community and residential 
water use in particular, and the cost incurred in provision of water 
services. As an integral part of this study, a review of water use patterns 
and pricing practices of surveyed Alberta waterworks has been undertaken. 

The primary data for this cross-sectional study (i.e., study related 
to a specific time) were gathered through a mail questionnaire sent to 
all Alberta municipalities. Additional information was obtained from 
various statistics periodically collected by the Alberta Department of 
Municipal Affairs, Dominion Bureau of Statistics, etc. Most of the data 
presented in this study are easily available to the individual planning 
agent without the necessity of undertaking complicated surveys. 

The results of the demand analysis indicate that municipal consumers 
adjust their water use levels for differences in wealth, pricing methods, 
and for higher or lower prices whenever the consumers have a choice of 
how much water to use. When residential customers are subjected to flat 
or assessed flat rates, any increase in the rate tend to stimulate water 
aes This relationship is exactly opposite to that found in metered muni- 
cipalities, where the size of a bill restrains water use. 

In a multiple regression analysis of waterworks expenditure data, it 
has been clearly demonstrated that economies of scale are presented in the 
industry. This means that consolidation of small scale waterworks may be 
financially advantageous, providing that geographical and political factors 


are taken into consideration. 
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CHAPTER I 


SCOPE AND ORGANIZATION OF THE STUDY 
Introduction 


The importance of providing urban and rural communities with ade- 
quate supplies of clean, disease free, piped water has been recognized 
not only by modern society; Romans enjoyed services of their famous aque- 
ducts built over two thousand years ago. In the North American context, 
the main impetus to the building and expansion of municipal waterworks 
was provided by the need to control fires, to keep the summer dust on the 
streets under control, and the conviction that polluted drinking water 
was the source of diseases such as cholera and typhoid ree This basic 
role of waterworks has also been expanded to provide enough good quality 
water for industries and for upgrading municipal landscapes, one of the 
important amenities to which moder society aspires. In addition, the ex- 
istence of a water supply system makes possible the operation of a network 
of sewers -- a water-carrying system of collecting and disposing community 
sewage. 

Society is forced to make allocative decisions because of the ever- 
present conditions of scarcity. The provision of water to the municipality 
requires large-scale investments which are almost wholly irreversible and 
involves the use of resources which might have been used for other and 


perhaps equally meritorious purposes. Thus, an analysis of water manage- 


: For more details on this issue, see: N.M. Blake, Water for the Cities: 


A History of the Urban Water Supply Problem in the U.S. (Syracuse: 
Syracuse University Press, ieee and J.H. Mudrock, "75 Years of Too Cheap 
Water," Journal of American Water Works Association, Vol. he, No. 8, 


pp. 925-930. 
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ment practices and water pricing methods would indicate whether and how 
much further investment in this basic, capital intensive municipal service 
is justified in terms of efficient allocation of the community's scarce 
YeSOUrCeS.« 

Waterworks in Alberta have been developed primarily by municipalities 
themselves, Today, most waterworks are in municipal ownership. "Municipal 
ownership" in this case refers to ownership and operation of waterworks 
by city, town and village governments and “area municipalities" such as 
counties and municipal districts. For many communities municipal ownership 
was an economic necessity. The high capital investment required to es- 
tablish a water supply system, and the absence of sufficient or timely 
private capital investment caused many communities to rely upon public 
eredit for finan ee Another factor leading to government ownership of 
waterworks is the particularly close relationship between adequate water 
supplies and public health, sanitation, and fire protection. 

The actual "consumption" of water in municipalities is estimated to 
be less than 10 percent of that Bivertedic Furthermore, most of Alberta's 
larger population centres are located on rivers and lakes large enough to 
meet their water needs. However, most of the water returned to the stream 


flow is in the form of an effluent which is polluted by biological, or- 


However, some exceptions can be found. In Calgary, a private firm, the 
Calgary Gas and Water Works Company, built a water supply system which 
was sold to the city for $ 3,750,000 in 1899, not too many years after 
the foundation of the waterworks. See: Municipal Manual of the City of 


Calgary, 1969, various pages. 


In Camrose, Sherwood Park and Wetaskiwin, water is distributed by private 
utility companies. 


: Hydrologists use the term "consumption" for water diverted permanently 
from the surface water by evaporation and other processes. A.H. Laycock, 


"Water," Canada: A Geographical Interpretation, edited by J. Warkentin. 
(Toronto: Methuen, 1968), pe 127. 
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ganic and inorganic contaminants. Thus, much greater amounts of water are 
needed to dilute and transport waste by-products, a direct result of the 
present way of life. The problem is particularly acute during low water 
flows in mid-summer or in winter, when there is only limited aeration and 
oxygen recharge of the warm (or ice covered) wAeeRe For this reason, 
municipalities in the province are required to install sewage treatment 
facilities so that the levels of discharged effluents does not exceed the 
self-purification capacity of the stream. 

In summary, the physical supply of water for most of Alberta munici- 
palities is adequate for the forseeable future and there is no crisis in 
this respect; but there is a continued need for planning the expansion of 


the municipal waterworks efficiently. 
Economic Characteristics 


Waterworks furnish a service to the public that is uniquely without 
competition from substitutes. A municipal waterworks is ordinarily a pure 
monopoly, except to the extent that industrial and sometimes residential 
consumers establish their own water papel eo There are two main reasons 
for this: 1) there are often substantial economies of scale to be achieved 


by combined, not fragmented production and distribution of piped water 


: The City of Red Deer experimented with the blowing of air into the river 
streamflow underneath the sewage treatment plant in order to increase the 
oxygen content of the water. 


In Alberta, on the average, less than 2 percent of the municipal resi- 
dents were not serviced by the municipal waterworks in 1967. Some munici- 
palities, for example, Edmonton, prohibited industrial and commercial es- 
tablishments located within the corporate limits of the municipality to 
set up their own water supplies. 
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and sewage treatment facilities; and 2) the natural sources of water sup- 
ply should not be developed in piecemeal fashion. 

Waterworks provide both water service to their customers and fire 
protection service to the general public. The beneficiaries of the latter 
service are the owners of property in the community. In order to provide 
public fire protection service, waterworks frequently must invest in more 
plant and storage capacity than would be required to supply service only 
to water users. These readiness-to-serve costs, fixed costs, are of im- 
portance mainly in small municipalities, where the fire protection capaci- 
ty standards dominate local demands. 

The relative distribution of receipts reveals that water sales reve- 
nues are the major source of a waterworks‘ nconen Thus, the need for 
more funds to continue and expend waterworks operations must ultimately 
be met through the waterworks’ own water rates. However, the relatively 
large fixed investments are usually financed by issuing bonds or securing 
long-term loans. The rates, financing, or service of government-owned 
waterworks are determined by the communities they serve. Conventionally, 
the authority to set rates rests with the municipal council. Most communi- 
ties have several types of rates that they impose on customers, among 
them, a fixed service charge per billing period, minimum charges, front- 
foot assessments, rates linked to the number of fixtures or water using 
appliances, installation charges, charges linked to lot size, and water 


and sewer rates that vary with the quantity of water used. 


: Water sales revenue accounted for over 86 percent of the operating 
revenue. For more details, see Tables 11 and 18, pp. 30 and 40, 
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Scope and Objectives of the Study 


The study focuses on the identification of factors that affect the 
level of community water use and the costs of supplying the water service 
(Figure 1). Some of these variables are less amenable to policy manipu- 
lation by the waterworks management (for example, level of evapotran- 
spiration, household size, physical conditions affecting water supply). 
Other factors, such as pricing policies, may be varied by management with 
a view to ensuring the "optimal" or "most efficient" use of water and/or 


that of recouping costs of production. 


FIGURE 1 
SCHEMATIC PRESENTATION OF THE MAIN FACTORS INFLUENCING WATER USE AND WATER 


SUPPLY COSTS 


climatic and soil conditions 


standards of living of the residents 
Factors Affecting 
Community Water Use type and magnitude of commercial and 
(Per Person) industrial activity 


pricing policy 


availability of private water supplies 


source of water 
Factors Affecting quantity produced 
Water Supply Costs 
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The price system allocates resources most efficiently when demands 
are responsive to prices and when the costs of administering the system 
of prices are very low. For this reason, knowledge of demand and cost 
conditions facing the individual waterworks is needed in order to assess 
the consequences of different pricing principles. 

In the analysis of community water demands (residential and non-resi- 
dential), the main emphasis will be given to those factors which affect 
or determine the rate of water utilization or which are useful in pre- 
dicting water demand. 

A procedure for analyzing the costs of waterworks is intended to de- 
termine the industry supply function which can be used as a basis for es-~ 
tablishing economically sound water rates. It is important to know how 
marginal cost changes as output is expended for establishing rational 
water rates. 

This study is one of economic demand for water. Water utilization by 
consumers is seen as a function of both the relative price of water and 
the ability of the consumer to pay for it; that is, each consumer has a 
unique economic demand for water, and within certain limits, a choice of 
how much water to use. 

Briefly then, the objective of this study is to obtain the following 
information: 

1) An estimate of the responsivness of water consumption to changes 
in price -- in technical terms, an estimate of the elasticity of 
demand. 

2) Cost relations in water supply. 

3) A survey of present pricing practices, financial returns, and 


‘water use patterns in Alberta municipalities. 
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Information on rates, cost estimates and usage data from municipal 
records, government statistics, etc., are not readily available and had 
to be collected from many sources. A survey of municipal waterworks was 
a principal information source, supplemented by financial records as 


published by the Alberta Department of Municipal Affairs. 
Organization of the Study 


The description of the study area is given in the next section. 
Data collection is described in the final section of this chapter. 

Water use patterns observed in Alberta municipalities, pricing 
methods and financial returns of Alberta waterworks are the main topics 
of Chapter II. Empirical findings of previous studies regarding the 
factors affecting community water use, and structural relationship of 
residential and community water demands are presented in Chapter III, 
which also includes the results of fitting estimating equations to sample 
data employing the method of least squares. 

In Chapter IV pricing principles and practices are discussed first, 
and then, the derived cost function is evaluated in terms of principles 
stated earlier. 

The final chapter summarizes the findings and makes some suggestions 


for improving our understanding of this topic through further research. 
The Study Area 


The Province of Alberta occupies 661,188 square kilometers (255,285 
square miles); 97 percent being land and the balance fresh water. The 


province extends 1,216 kilometers from north to south and varies 293 to 
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650 kilometers east and west. Alberta has the most varied landscape of 
any Canadian province. There are the Rocky Mountain ranges, the foothills, 
the tall and short grass prairies, the parklands, the rocky Canadian 
Shield and vast forests. 

Considering the extent of Alberta and its geographic location, vari- 
ability of climate is to be expected. Latitude contributes to temperate 
summers and cold winters, and the continental interior location accentu- 
ates the seasonal temperature range and limits precipitation. The range 
of temperatures between the warmest and coldest months varies from about 
7°c (45°F) in the southwest to 24°c and 27° (75 and 80°F) in the far 
northern section of the province. The southeast part of Alberta has an 
average annual precipitation of about 300 mm and also has high evapo- 
transpiration ee caused by frequent hot dry winds. The west central 
part of the province has an annual precipitation of approximately 500 mm 
and lower evapotranspiration rates. In the extreme north, as in the south, 
precipitation is about 300 mm per year, but temperatures are much cooler 
and consequently, evapotranspiration rates are low. About 70 percent of 
the annual precipitation falls in the April-September half of the year. 
The average frost free period is over 120 days in the lowlands of south- 
eastern Alberta and gradually decreases to 60 to 70 frost free days in the 
northern Peace River Valley. 

A little over one million of Alberta's population lived in 315 mu- 


nicipalities in 1967; that is more than 70 percent of the total provincial 


y The combined evaporation from the soil surface and transpiration from 
plants, called evapotranspiration, represents the transport of water 

back to the atmosphere. For further details on measurements of evapo- 
transpiration, see: C.W. Thornthwaite, "An Approach Toward a Rational 
Classification of Climate," Geographic Review, Vol. 38, (1948), pp. 55-94. 
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population. The distribution of Alberta's population over the last 70 
years is shown in Figure 2. Even though only 78.1 percent of municipali- 
ties had waterworks, the vast majority of municipal residents (98.2 per- 
cent) enjoyed tapped water in 1967. This relative discrepancy is caused 
by the inflated total number of municipalities which includes summer 
villages with only seasonal residence, and some unincorporated places, 
counties, etc. The spatial distribution of municipalities, waterworks and 
population served is shown in Table 1. 

The primary sources of water for the largest Alberta centres were 
rivers originating in the mountain areas of the province. However, the 
majority of smaller municipalities, including the city of Medicine Hat, 


were utilizing underground sources of water. Lakes and reservoirs provided 


TABLE 1 


WATERWORKS IN ALBERTA, BY REGION, 1967 


Municipal Population 


Percentage Served 


Municipalities 
Alberta Region 


Southern 


Swe Central 


served by 


Waterworks by Waterworks 


104,200 
386,692 


S.H. Central 26,050 
N. Central 505, 642 
Northern 734909 


1,096,493 


All Municipalities 


: Including 29 summer villages, 30 unincorporated places, 6 coun- 
ties and municipal districts, and 3 National Parks’ town sites. 
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FIGURE 2 


PERCENTAGE DISTRIBUTION OF POPULATION 


IN ALBERTA'S MUNICIPALITIES (1901 - 1970) 


1961 
1911 o 


£ 
©) 


1921 


Legend: 


VZZA - Cities 
- Towns 
OOM - Villages 


a 1e % ; - y 7 "7 aes : 7 af Z 
; | WOTTALUSOR 0 Hic bs iliac 


7 
' 7 ro i 
(aver = Rely UALTIMATTOIMUN GE aATAmatA yr 


Al ~ 
o i 
a ——s ee oo 
f : —, ~ 
: é oe ™, 7 
~~ een ) BO ae ~! \ 
f Xs a - I — > 
Al eS ae 
va t —— : 
/ a ee ' ~ * 


ry 4 
ta | ; * \ \ 
| rg { / [ f \ ong | 
| PP shi ; pene Cet 
; =p ih Pde : inet j eaet — 
ers WH, | a 
| be a 


yd, L- 


pel ete “¢ 
7 ia e } 
| rt L) aie ‘ ) | 
wy WS : A Os oft 

* 3 Gs \ e, Fm, ‘. 
/ \ ee. APH | 
\ 1 * | al ie, 
» v . . rh ne ‘ f Pied 

\ \ \ ) =a fi ea 


water only to a small number of nunieipal ities, 
some municipalities in the southern part of the province depend 
upon irrigation systems for their water needs. Since the irrigation 


canals carry water only in the growing season, municipalities either have 


to build reservoirs or utilize underground water during the winter seasons. 


For a more detailed breakdown of waterworks by primary source of water and 


population served, see Table 2. 


TABLE 2 


WATERWORKS IN ALBERTA, BY PRIMARY SOURCE OF WATER, 1967 


Percentage of 
All Waterworks 


Population Served 


Percentage of 
All Population 


Primary Source 


of Water 


Wells sles is WATS) 107.32 
Rivers 914,863 84.93 
Reservoirs 19,075 1.77 
Irrigation System il APn ey) rah 
Lakes 15,644 1.45 
Other 4,266 0.40 


All Waterworks 100.00 1,077,164 __100.00__ 
Source: Alberta Department of Health. A Survey of Water and Sewage Systems 
in Alberta. Edmonton: Environmental Health Service Division, 1968; 


Alberta Department of Municipal Affairs. Annual Report, 1968. 
Edmonton: Department of Municipal Affairs, 1968. 


re 


: There is a significant difference in utilizing rivers and lakes (or 
reservoirs) with regard to pollution abatement. Rivers are unidirectional 
and pollution at one point is carried off toward the next downstream 
point. Water in lakes, on the other hand, do not mix readily; thus, 
communities located on lakes tend to pollute mainly themselves instead 
of their downstream neighbours. 
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Data Acquisition 


The primary data for this cross-sectional study (i.e., study related 


to a specific time) were gathered through a mail questionnaire sent to 


all waterworks throughout the Province of Alberta during the summer 


months of 1968. Additional information was obtained from various sta- 


tistics collected by the Alberta Department of Municipal Affairs, Alberta 


Department of Health, and Statistics Canada, This study relates to the 


years 1966 and 1967. 


Most of the data obtained from the mail survey are generated in the 


course of ordinary municipal administrative activities. The individual 


waterworks offices were asked to give the following information: 


1) 


2) 


3) 


+) 


5) 


6) 


8) 


Source(s) of water for the municipality. 

Waterworks annual pumpage data. 

Distribution of the gross pumpage among the community's water 
users. 

Quantities of water sold to the customers outside the corporate 
limits of the municipality. 

Number of customers served by the waterworks and connected to the 
community sewer system. 

Number of households, commercial and industrial establishments 
not served by the waterworks and/or not connected to the community 
sewer system. 

Water and sewage rates applicable during the survey. 


Assessment of the adequacy of the existing waterworks. 


Information regarding number and regional distribution of municipali- 


ties throughout the province, municipal population, building and land as- 


sessment values, number and type of dwellings, waterworks revenues and 
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expenditures, and precipitation was obtained from statistics collected by 
the different government institutions. 

It is important to note that most of the data presented in this study 
are easily available to the individual planning agent without the necessi- 
ty of undertaking complicated surveys. The utility of models which pro- 
vide good statistical estimates is decreased if the information required 
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CHAPTER IT 
WATER UTILIZATION, WATER RATES, AND WATERWORKS FINANCIAL RETURNS: 


EMPIRICAL EVIDENCE 
Response to Municipal Water Survey 


In 1967, there were 246 waterworks serving 1,077,164 people in 
Alberta. Annual gross pumpage data were received from 165 waterworks 
(ies) od Tesponse.rate.of. 67 percent ) which provided water service to 
1,032,531 Albertans (i.e., 96 percent of all municipal population served 
by waterworks). The reported annual pumpage accounts for 96 percent of 
the total estimated pumpage by all Alberta ee A more detailed 
breakdown of the response by region and primary source of water is given 
in Tables 3 and 4, respectively. The reader should be aware of pumpage 
data limitations, since not all waterworks measure the amount of water 
produced Couey In both tables the striking diversity among pumpage 
data is caused by uneven regional distribution of large urban centres and 
industries. Furthermore, Alberta's two largest cities, Calgary and Edmonton, 
drew their water from rivers. 

The main components of municipal water demand are residential, com- 


3 


mercial-industrial, and other uses.~ Table 5 presents the relative 


: The estimate of the total waterworks pumpage is based on the weighted 
pumpages per person by region and primary source of water, 


2 This is especially true when a municipality utilizes several sources 
of water and/or when water produced is not metered to the users. 


3 Other uses include water provision for fire protection, street cleaning, 


irrigation of municipal parks, and agricultural uses. The latter are of 
importance in small rural communities. 
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importance of the three classes of use for 67 municipal waterworks re- 

$ % 7 ae 2 4 le 5 
porting pumpage information. ‘the data in this table show that with the 
increasing size of waterworks, the relative importance of water supplied 
to residential users decreases and the relative importance of water sup- 
plied to commercial and industrial customers increases. However, little 


variation can be found in water supplied for public and other uses. 
Effect of Metering 


Community water demand is greatly affected not only by absolute 
numbers of customers in each user class, but also by the mode of pricing, 
i.e., whether customers are metered and pay in proportion to the quantity 
of water taken, or pay a flat rate only. The comparison is not between 
metered and unmetered water uSe per se, but among marginal water prices 
to users ranging from zero (for unmetered water use) to some positive 
levels per unit of water taken, which are the result of pricing mode. In 
Tables 6 and 7 empirical evidence of some of the differences found in 
Alberta municipalities is presented. The main features observed are: 

1) the proportion of waterworks reporting pumpage estimates is far 

greater in metered municipalities, 

2) the proportion of metering is greater in larger municipalities, 

3) there are substantial deviations in water utilization by type of 

use between metered and flat rate pricing municipalities within 


the same size of waterworks. 


The differences between metered and flat rate pricing municipalities 


: Even though 165 municipal waterworks reported annual gross pumpase 
data, only 67 gave the required breakdown by class of use. 
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are brought out more clearly by the following tabulation of residential 
consumption data per person (Table 8). There are three main points to be 
made with respect to residential use: 1) water use per person is much 
lower when water is metered, compared among municipalities of similar 
size; 2) these differences tend to increase with community size; 3) water 
use per person is lower in smaller communities. 

Large urban centres tend to attract more commercial and industrial 
establishments than their smaller counterparts. Thus, quantities of water 
taken by these customers vary widely with the size of municipality (see 
Table 9). This table, however, does not reflect the actual impact of 
metering, Since all or at least the larger commercial and industrial 


customers are metered even in otherwise flat rate pricing municipalities. 
Residential Water Pricing Policies 


Levying charges for public water service is not an innovational 
practice. As early as 97 A.D., the newly appointed administrator of 
waterworks in Imperial Rome began to charge for what had been a privi- 
Veeene Water meters in a relatively practical form first made their ap- 
pearance on this continent at the end of the Nineteenth Century 

Analysis of waterworks pricing policies reveals that both major 
pricing methods, i.e., metered and flat rate pricing, were widespread 


throughout the province. The operational characteristic of a flat rate 


: P.P. Azpuruva, et al, "New Water Rates for Caracas," Journal of American 
Water Works Association, Vol. 60, No. 7, (1668): Ds Fe. 


A A. Hazen, Metered Rates for Water Works. (New York: John Wiley & Sons, 
Ties, LOG IA pe) 1. 
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is that it is an "access charge" or capacity rate as well as a zero "com- 
modity charge". For the user the first gallon of water per month does have 
a high price, but subsequent water quantities taken cost him nothing. In 
the case of metered pricing, the charge is a "commodity charge"; the 
marginal price per gallon is always greater than zero. According to 

Figure 3, the 151 reporting waterworks seem to be fairly evenly divided 

in their preferences for a particular pricing method. 

In Alberta's metered municipalities, the straight-line meter rate 
encduies is very seldom used. Virtually all reported metered municipali- 
ties use a block meter rate schedule,“ which includes a graduated minimum 
rate that increases as the size of the meter increases. (The customer's 
meter size is usually determined by the size of the pipe leading into his 
premises. Most residential customers have a 5/8 inch meter.) Basing the 
minimum rate on the size of the consumer's meter is intended to reflect 
differences in the waterworks' fixed costs of readiness-to-serve custom- 
ers of different sizes, 

Ninety-two percent of the metering waterworks allowed some :base 
quantity of water with the minimum bill. Water consumption in excess of 
this quantity was charged at the "commodity" price which will be referred 
to as the variable or marginal price. Figure 4 shows the amounts of water 
allowed with the minimum bill per residential account per year. 


Economies of scale appear to be reflected by the fact that minimum 


: A straight-line rate is a rate which charges the customer a constant 
dollar value per metered unit of water taken regardless of the quantity 
of water consumed. 


eth block rate schedule refers to a rate schedule which provides a varying 
price per unit of water for successive blocks (or quantities of con- 
sumption). This type of rate schedule usually offers successively lower 
rates per unit of water in each block of water consumed. 
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FIGURE 3 


PRICING METHODS OF RESIDENTIAL CUSTOMERS, ALBERTA, 1967 
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FIGURE 4 


AMOUNTS OF WATER ALLOWED WITH A MINIMUM BILL PER RESIDENTIAL ACCOUNT 


PER YEAR, ALBERTA, 1967 


(All Reported Metered Municipalities = 100 Percent) 
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rates, variable rates, and flat rates of residential accounts are in- 
versely related to the size of the waterworks. Variation in rates is also 
related to the differential cost of water drawn from wells, springs, or 
rivers; differential treatment practices and purification needs; and 
varied distribution expenses which depend on the density of the settle- 
ment within a community and need ror pressure pumping. In Table 10 the 
variation in water rates with respect to waterworks size is shown. 

The municipal water survey also revealed that some of the metered 
municipalities granted special summer rebates to their residential custom- 
ers either in the form of reduced unit rates (up to 50 percent in the 
most frequently applied residential block), or by substantial increase in 
the base quantity under the minimum bill. However, in all cases the mini- 
mum bill remained unchanged. Apparently the rebate is intended to encourage 


“peawtuiteation’, 
Waterworks Financial Returns 


Traditionally, waterworks revenues should be sufficient to provide 
for continued adequate service, that is, water revenues should cover oper- 
ation expenses, debt service costs (interest charges and amortization), 
taxes, and the cost of normal extensions and iprecenenvee: However, the 
analysis of financial data obtained from the 1966 and 1967 Municipal 
Annual Reports, published by the Alberta Department of Municipa!. Affairs, 


shows that some waterworks diverge significantly from the principles de- 


scribed above. 


: P.C. Mann, “New Focus in Water Supply Economics -- Urban Water Pricing," 
Journal of American Water Works Association, Vol. 62, No. 9, (1970), p. 534, 
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The relative distribution of receipts reveals that water sales reve- 
nues, i.e., revenues from water sales to residential, commercial, industri- 
al, and other customers, are the major source of waterworks’ income, es- 
pecially for those serving small communities. Revenues generated from fire 
protection Ghareee’ and from other waterworks services constitute only a 
small proportion of a waterworks' operating revenues. 

In many smaller municipalities, where water sales revenues and reve- 

\ 

nues received for other services“ are insufficient to cover the water- 
works' expenditures, transfers from general revenues (taxes) eons an 
important source of waterworks revenues (see Tables 11 to 18). It should 
be noted that transfers from general revenues also include frontage 
charges and other special tax levies which are planned as a means of fi- 
nancing the provision of water. They are just another component of the 
multipart price differentiated in the manner in which they are levied. 


3 


The production of piped water involves a heavy initial outlay~ and 


a relatively modest annual outlay for maintenance and poeta enn 


: One of the reasons most of the waterworks go uncompensated or are 
undercompensated for public fire protection service is that these water- 
works do not pay taxes (with the exception of a few in large urban 
centres) to the local governments. Thus, it is regarded a fair trade to 
exchange this exception from local taxes for the lack of compensation 
for public fire protection service. 


e "Other services" provided by the waterworks include the provision of 
water to public buildings, public water fountains, irrigation of munici- 
pal parks, and street and sewer flushing, etc. 


3 In Ontario, new investment in municipal waterworks per additional 
person served was $ 337.05 (1967 dollars) during 1958-67. See: A.P. Grima, 
Residential Water Demand. (Toronto: University of Toronto Press, 1972), 

De ta 


; In Alberta, the annual outlay per person served varied between $ 11.15 
to $} 33.11 depending upon the community size and/or waterworks size. For 
further detailes see Tables 1 to 6, Appendix II. 
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The principal items of operating and maintenance costs are: 1) production 
costs depending on the amount of pumping required and the type of treatment 
necessary to render the water safe, potable and clear; 2) distribution 
system costs incurred in transporting the water from the treatment facili- 
ty to the customer; and 3) service costs, which include administrative ex- 
penses associated with billing, establishing a customer in the system and 
other associated costs. Other expense items included in the waterworks' 
annual budget are debt interest, amortization, capital additions and/or 
improvements and an amount for local ercene 

Another important statistic showing the financial situation of a 
waterworks is the operating surplus (or deficit) based upon the differ- 
ence between the waterworks’ operating revenue (i.e., sales and other 
revenues ) and annual expenditure. In a case where the latter is greater, 
a transfer from the general taxation ensures the solvency of the water- 
works. However, a transfer of funds to cover waterworks loss does not 
necessarily mean subsidization. Transfers might include frontage and 
other taxes earmarked to finance waterworks, and often are in lieu of 
specific payments for certain public uses (e.g., fire protection service, 
provision of water for public use, Cue )e 

From Tables 11 to 14, which indicate the structure of financial re- 
turns of most of Alberta municipal waterworks for two subsequent years, 
averaged by region, the following generalizations can be made: 


1) water sales revenues constitute the major part of operating reve- 


nues; 


: Since only in a few larger urban centres waterworks expenses also 
included tax contributions, these amounts were excluded from the budget 
expenses for reason of homogeneity in this study. 


bia #edays eds 12-xamoteup & natiet bdstex paRLELA tv 
‘miutwaotan ony mt bebilent aod! cenoepts 8x0 getdon Bae 


‘qo\pnb’ aioltthba Leeties jroltasidrone ,saetetnd dist oes 7 
E eexsh fssol tot aca ne De. 


& te nobvausi® Lelonsat't edt antuode sbimbente dnstroqat setters 
~xeTtib eis ogy begat (tiotiab to) au Loe mibdaredc odd at “ 

tate bee 2elee iy8et) pugevet giiversqo abcairadion ont neawted ema 
srodners 2h testsl ond aroths 9289 5 ri a i a feurns Bre: (emmowre ; 
~veitw sid "to yonev loz: sit getvans nolrsxe} eee éii aor? 


fon @sobrzsal Sense aenes oF; EDRF to asonexs & ,Tovero#, 
fine: egeines? ‘abilont Sitptn erotenas!. .noltestbidsue reson comm 

7b Uett gt ews matic Se ,Sitowradan aorSnfT of bobrasmrss ease 
aidan goldasteta: Sit ,.aeb) seeb oridag nisixso xot ie rn 
A ode | oh =o tor SS a ¥ 


owt Estonent? to pouzeisite on win tia —_ at of It soften noe 


a lala , bes Pe 


i ee ore jut bai a * 


36 


2) over two-thirds of waterworks receive funds from general taxation 
to cover the operating costs; | 

3) only in the case of two largest municipalities did waterworks 
contribute more to the municipal revenue fund than they received 
from the general taxation; 

4) on the average, waterworks operating revenues tend to increase 
faster over time than expenditures. This is mainly due to in- 
creases in water sales revenues rather than in revenues for other 
waterworks services. 

The effect of community size upon the financial situation of the 
waterworks is demonstrated in Tables 15 to 18. The importance of large 
scale production is evident by the fact that waterworks serving a large 
number of users show operating surpluses and net contributions to the 
local tax revenue fund. Furthermore, only the largest group shows a slight 
decrease in expenditures between 1966 and 1967, while sales revenues, 
increased by almost 8.5 percent. The increase in sales revenues for the 
remaining waterworks varies from 8.8 percent to a little over 28 percent; 
the increase in expenditures, ranges from 4.5 percent to 31.5 percent per 
annum. 

In summary, the data in Tables 11 to 18 show quite conclusively the 
impact of the individual revenue items upon the financial situation of a 
waterworks. Only in large communities are water sales revenues sufficient 
to cover the entire budget expenses; the smaller municipalities transfer 
relatively large sums from the general taxation to balance the waterworks" 
budget. In the following section the effect of scale measured in terms 
of pumpage and of the source of water on the financial situation of a 


waterworks will be presented. 
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Factors Influencing Financial Returns 


Economies of scale is the term frequently used when describing the 
phenomenon of decreasing costs per unit of output as the plant size in- 
creases and consequently total output increases. This section of the study 
traces the individual revenue and expenditure items of Alberta waterworks 
as they alter with the scale of operation. In Tables 19 and 20 revenue 
and expenditure data per one hundred cubic meters of gross pumpage are 
presented. In these tables a comparison is made between waterworks of 
three different scales of operation, where the largest group averages 633 
times more piped water than the smallest one (see Table 5). The unit ex- 
penditure of the 86 small waterworks is about 3.8 times the expenditure 
shown by the 8 large waterworks. Parallelling the cost is the increase of 
average operating revenues per unit of output as the scale of waterworks 
operation decreases. Water users served by the smallest waterworks group 
pay on the average three times more per unit of piped water than their 
counterparts served by waterworks of the biggest scale of operation. Yet 
sales revenues cover only 65 percent of total expenditures in the third 
group, compared to 75-85 percent in the first. Consequently, the contri- 
bution from general revenue (taxes) per unit of water in the third group 
is almost 15 times higher than in the first group. 

To a large extent, the scale of the waterworks operation depends 
upon the population of the municipality poerett. For this reason, a tabu- 


lation, where the breakdown of revenue and expenditure data is based on 


, There are exceotions to be found to this rule of thumb. For example, the 
town of Redwater, with less than 10,000 residents, is served by a water- 
works which has a gross pumpage well over one million cubic meters per 
annum. This is because of a nearby industry which is very water intensive. 
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the population size of a municipality has been made (Tables 21 and 22). 
In these tables the impact of a waterworks scale of operation is even 
more clearly demonstrated than in the previous ones where the waterworks 
classes were rather broad. As population increases there is a decrease in 
the average expenditure and operating revenues per unit of water produced. 
The same is true with regard to the amounts of net tax transfers required, 
The financial statistics presented quite conclusively show that in a small 
municipality served by a small scale waterworks, water is more expensive 
to users and to municipal taxpayers, 

In Tables 23 and 24 the Fron utilization of different sources 
of water upon the financial situation of a waterworks is evaluated, It is 
known that surface water needs more processing to make it suitable for 
human use. On the other hand, water from underground sources requires 
pumping and, in many cases, treatment by chemicals in order to decrease 
hardness of intake water. When the financial data from the waterworks uti- 
lizing different water sources are compared with the overall averages 
from all reporting Alberta waterworks, waterworks utilizing surface sources 
(except those drawing water from reservoirs) show better financial per- 
formance than those pumping water from vena’ 

In the Appendix II the tabulation of financial returns in dollars 
per person served by size of waterworks, municipality size, and primary 
source of water is given (Tables 1 to 6). Similar conclusions can be drawn 
from these tables as were drawn from the tables of the unit costs and 


returns presented above, 


: The tabulations do not permit a separation of the "scale effect" and 
"source effect" on water production costs. In Chapter IV the effects 
are separated statistically. 
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From all the tables presented in this section, three aspects of the 
financial situations are evident. First, there are significant economies 
of scale in water production. The average cost per unit of water produced 
declines as the output increases. Second, water users and municipal tax- 
payers do pay less in municipalities served by large waterworks. Third, 
the source and quality of the intake water has some impact on treatment 


costs and thus on the average cost. 


CHAPTER III 
STRUCTURAL RELATIONSHIP OF DEMANDS FOR WATER BY MUNICIPALITIES 
AND BY RESIDENTIAL WATER USERS, IN PARTICULAR: 


EMPIRICAL FINDINGS, THEORY AND ANALYSIS 
Empirical Findings of Previous Studies 


The demand for water by municipalities and by their residential 
customers, in particular, has been the topic of several research projects 
conducted in Canada and in the United States. These studies try to de- 
termine the main factors affecting levels of water use and to develop 
models which can be used to forecast future water demands. In the past, 
water supply managers have tended to assume that physical requirements 
per person govern water use, and that forecasting future water use consists 
merely of projecting the population growth and multiplying it by the per 
person Brea mitee ens Although it is true that population is the most 
Significant determinant of water demand, the studies mentioned above have 
shown that there are also other factors which have a measurable effect on 
the per person consumption of water, and some of them are Subject to 
management. In almost all water demand studies, some field data collection 
has been required, and this is to a large degree responsible for the va- 
riety of approaches and sometimes contradictory or inconclusive results; 
the demands for water are distributed unevenly over time and space. 
Furthermore, most water use Studies differ in the choice of variables to 


be correlated with water use. If these components are aggregated the 


: P.W. Whitford, "Residential Water Demand Forecasting," Water Resources 
Research, Vols 8, Noe 4, (4972) De 829. 


50 


intdnebless thect yd fus setitfecisiava yd tetew x07 buameb oat : 


asdetorg dorestex iszevee 13 ofqot adit used asd yreiuelirag nb ~eremosase” 
of Gt yt feibige dacnT .cetate betinl orf af fen shsned of Bedouin. 
volevab o¢ bos seu tecsw to efevel peifostts etozas) aim: Saf dn tieees! a 
,fenq ed? al .eboaneb apres Studi? Jeetexnt of beay eo wee dotttw efabom n ; 
edhaméxtupsr Jentéyda Jedd omuees of babned uvsd zis_euae yhyes IesEM 
Ateieno® éay tedew erudat yaldeaoexot mis fos .sei teSen oTevon aOBrey tee | 
nay ont wi tf aotyfatdium Sas dévom noldsluqda Saf anitosierd to ylerem 
feo sid ef agtieiayor tefd airs 2 Si chyunAlslA D nseronure kup” nosieg - 7 
svoj evods Soapoitnem sethye2 ec} ,basneb setex tO brsotoreseb gnso Ming ia’ 2 
no Joslio siifsrpasem 5 sya roidw exojosl rerdto oalp exs stent Sait norte = 
Os: 209fdua sts meit Fo smce Ons ,tetsy To netiganenco neteg on odd : I 
natjosiles Bish Distt sence ,aotbuse baamsh rotow lle deomie oT . Sriplangaetie as Pie a] 
iy Sch th eLeea i hg aera 2c? ot Waiane store agate 
ia Luce oypaugoncos: <9 ysoteibsrJnoo wan léemoe 'bat asinaoutcs “ae 
ad bie onhs seve yfeevenu SStyd isso hh ere tedan ooF cae he, i 


oo arate eas ae ze ibygs: —: ‘acm .tsomted a 


a 


0 h ef ; ; 


ot 


correlation is weakened, writes Whitford? when referring to Saundreas' 
results from 93 metropolitan areas, 

It is generally agreed that within the same cultural matrix, the 
level of community water use is a response to such factors as geographical 
location, climate, economic level, price, relative magnitudes of major 
classes of municipal water users, degree to which industrial water needs 
are met by municipal waterworks, and water system efficiency. 

As used herein, the demand for water is defined in economic terms; 
that is, the amount of water for which individual customers would pay 
rather than go without. Consequently, the value of water may be considered 
as the maximum amount users will pay before reducing the amount of water 
used or entirely eendauae a Specific use. 

The following discussion will be focussed on the factors which have 
been found Significant in explaining the level and fluctuation of resi- 
dential, commercial and/or total municipal water use in previous studies, 
The industrial component of community water demand is affected by a 
different set of factors including a more extensive set of technological 
alternatives, and type of production. The quantity of water taken by com- 
mercial establishments is considered to be determined by: 1) per person 
income; and 2) the extent of commercial services; i.e., whether they are 
more or less purchased by the community's own population. Furthermore, for 
many commercial establishments such as stores, offices, and service 


depots, water use is incidental to the operation and is comparable to 


; Ibid., Pe 829. 
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domestic uses (drinking, sanitary facilities, washing and teens ee 
The demand for water for public use by municipalities is not, in many 
cases, demand by a purchaser from a separate cnyapleesay and the principal 
determinant seems to be the municipal area devoted to public parks. 

All the reviewed studies attempt to model water use in terms of ex- 
planatory variables and thus go beyond the widely used approach of esti- 
mating "requirements" on the basis of professional judgment and past ex- 


perience. 


Physical Conditions 


Geographic and climatic conditions influence to a large degree the 
need for differing amounts of water, especially water used to irrigate 
residential lawns and municipal parks. Climatic factors, such as precipi- 
tation and evapotranspiration, directly affect the amount of water re- 
quired to keep lawns green. "Evapotranspiration" is a term which de- 
scribes the loss of water from the surface of the ground other than by 
surface water runoff. The potential evapotranspiration for an area has 
been Shown by Thornthwaite to relate to the area mean temperature and 
incidence of sun as expressed by the latitude of the area and month of 


the years? The amount of water available to plants is affected not only 


: Ideally, a breakdown of commercial establishments by type of service 
should be done so that water use can be assessed for each group of homo- 
geneous establishments. This procedure has been followed in a study done 
by Hittman Associates, Main I: A System of Computerized Models for Calcu- 


lating and Evaluating Municipal Water Requirements, 
Clearinghouse, 1969). 


la 


In many cases, water used to irrigate municipal parks is not metered, 


3 C.W. Thornthwaite, "An Approach Toward a Rational Classification of 


Climate," Geographic Review, Vol. 38, (1948), pp. 55-94. 


Springfield, Virginia: 
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by precipitation, which adds moisture to the ground, and evapotranspiration, 
which takes it away, but also by the physical characteristics of a soil 
which determine its water storing capacity. Total irrigation water needs 
are a function of the lawn area to be irrigated, the water deficit, and 
also the length of the growing season which depends upon the geographic 
location of the area. 

In a study carried out by Linaweaver, Geyer, and Wort? at the John 
Hopkins University an attempt has been made to evaluate the impact of 
"climatic" conditions, i.e., precipitation and evapotranspiration, on 
total water use during the sprinkling season. It has been found that the 
actual sprinkling amounts to about 60 percent of the estimated requirements 
in more humid eastern regions of the United States and in the arid western 
regions, sprinkling demands follow potential evapotranspiration quite 


elpseigae The sprinkling "requirement" is calculated on the basis of water 


balance, which may be algebraically expressed as: 


WB =P-E 


where: 

WB is the seasonal (monthly) water balance (in millimeters); i-e., 
water surplus or deficit depending upon the values of pre- 
cipitation and evapotranspiration, 

P is the seasonal (monthly) precipitation (in millimeters), 
1 


F.P, Linaweaver, et al, A Study of Residential Water Use. (Washington, 
Ie PO, 1.967) 


- C.W. Howe and F.P. Linaweaver, "Summary Report on the Residential Water 
Use Research Project," Journal of American Water Works Association, 
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E is the seasonal (monthly) potential evapotranspiration (in millimeters). 

Wong used least squares analysis to estimate municipal water use per 
person per year for the City of Chicago and its 59 SSR One of the 
independent variables in the estimating equation was the average of June, 
July and August temperatures. H2 reports that the average summer temper- 
ature has a Significant impact on Chicago's water demand. 

Commenting on a regional study done by Haver and Winter to estimate 
municipal water use for 13 cities in Ontario, eine reports that the 
number of days in June, July and August with a rainfall of 0.25 millimeters 
(0.01 inches) or more has not improved the explanatory power of the esti- 
mating equation significantly. 

The evidence in the above studies is not conclusive. When a studied 
region is small or fairly homogeneous with respect to climatic factors, 
the effect of climatic differences on water uSe may be considered negli- 
gible since there are likely to be other water determinants with more 
pronounced variation and this may result in inefficient estimates of the 
regression coefficient. Since the water storing capacity of soil is de- 
pendent not only upon the type of soil, but also plant cover, in this 
case, perennial grass, an elaborate survey of types of soil in munici- 


palities may not be warranted. 


Irrigable Area 


Climatic conditions affect the levels of water use mainly during the 


: S.T. Wong, "A Model of Municipal Water Demand: A Case Study of North- 
eastern Illinois," Land Economics, Vol. 48, No. 1, (1972), pp. 34-44, 


A A.P. Grima, Residential Water Demand: Alternative Choices for Manage- 
ment. (Toronto: University of Toronto Press, Vora, Ls 
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growing season when relatively large quantities of water are used to irri- 


gate residential lawns and municipal parks. Several researchers have found 
that the lawn area is one of the main determinants of community water con- 
sumption and a prime contributor to summer water use peaks. Howe and 
ied study results have shown that the effect of the size of lawn 
is more pronounced in flat rate pricing areas. This would suggest that 
residential water users are more responsive to climatic conditions when 
the marginal price is zero than are their counterparts in metered areas 
where the marginal price is positive. 

In order to meet the high seasonal demands, waterworks are required 
to build large system and plant capacities, with attendant fixed costs, 
that are not fully utilized most of the year. The ratio of the peak-hour 
rate to the average annual use may be as high as Brine For this reason 
many municipalities' waterworks are directed to meeting maximum day de- 
mands rather than peak-hour demands. 

There are other researchers who argue that frequency of lawn watering 
is directly influenced by the income level of the residential customer. 
Grima observes that, "generally speaking, lawns in higher income areas 


are ereener."? Furthermore, the variation in the size of lawn or size of 


: C.W. Howe and F.P. Linaweaver, "The Impact of Price on Residential Water 
Demand," Water Resources Research, Vol. 3, No. 1, (1967), p. 26. 


2 F.P. Linaweaver, et al, “Use of Peak Demands in Determination of Resi- 
dential Rates," Journal of American Water Works Association, Vol. 56, 


No. 4, (1964), De 405. 
In Edmonton, the ratio of the peak-hour rate to the average annual use 
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3 A.P. Grima, Residential Water Demand, Pp. Ady 
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1 A 
lot” are not likely to be great compared to differences in income. 
Economic Level of Consumers 


Wealth and/or income of residential consumers are the factors most 
frequently accepted as determinants of residential water use. This is 
because income is closely associated with the ability to pay for goods in 
general. Also, as affluence increases, the ability to use more water in- 
creases, i.e., people are able to afford such water-using appliances as 
washing machines, dish washers, and air conditioners or humifiers, and 
have more spacious homes with larger lawns. 

In research done by peadiera in the San Francisco-Oakland metropolitan 
area, the relationship between water demand and income is studied. Headley 


3 


reports that the income elasticity~ of demand for residential water use 


is about 1.5 when estimated from cross-sectional data. However, when time- 
series data have been used, the average income elasticity is only about 
0.2. This low elasticity suggests that the rise in income is not promptly 
followed by increased water use, because many water-using appliances are 


durable in nature (baths, washers, etc.). The difference between low 


: Since it is difficult to obtain data on size of lawn, Kellow suggests 
using size of lot instead. In his study on residential water demand in 
Calgary, he found that lot size is a good substitute for lawn size. 

R.L. Kellow, "A Study of Water Use in Single-Dwelling Residences in the 
City of Calgary, Alberta." (Unpublished M.Sc. thesis, University of Alberta, 


£070)" “pewlod. 


7 J.€. Headley, "The Relation of Family Income and Use of Water for Resi- 
dential and Commercial Purposes in the San Francisco-Oakland Metropolitan 
Area," Land Economics, Vol. 39, Noe 4, (1963), ppe 441-449, 


3 The term "income elasticity" expresses the relationship between the per- 
centage change in the quantity of a commodity bought and the percentage 
Change in the income. 
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income elasticity derived from the time-series data and high elasticity 
estimated from the cross-sectional data can be explained as follows: a 

high income residential district may be expected to include a large per- 
centage of customers who possess water-using appliances and large lawns; 
with the rise in income over time, the increase in water use is much slower 
Since many of the durable water-using goods have been already acquired by 
affluent customers. 

It is, however, difficult to obtain income flow data from individuals 
and for this reason attention has been given to the possession of water- 
using durables or other measures of real estate. Based on the assumption 
that people tend to live in homes whose value bears some relation to their 
income, oooee in his study, found that the market value of the home is 
more closely associated with water use levels than income. Kellow,” using 
the assessed value of the home as a surrogate for the market value obtained 
from public records, demonstrates that the explanatory power of the esti- 


mating equation is not decreased by this substitution. 
Household Size 


Given the climatic conditions and the income (wealth) level, the 
amount of water used in a household is strongly influenced by the number 
of people residing in the household. The results from several studies sug- 


gest that even though there are some minimum quantities of water required 


1 aM. North, "Consumer Responses to Prices of Residential Water." (Paper 
presented at the American Water Resource Conference, San Francisco, 
Cadawvornia P0967). pb. 8% 


‘ R.L. Kellow, "A Study of Water Use in Single-Dwelling Residences," p. 
13 . 
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to meet the basic sanitation needs of each household member, the overall 
average of water use per person tends to decrease as household size in- 
creases regardless of the income TS iee Water consumption per household 
can be expected to increase as household size increases, but at a de- 


creasing rate. The elasticity coefficient calculated by Grima“ is about 0.6. 


Mode of Pricing 


In the previous chapter, water consumption data were compared for 
municipalities which meter water use and those which do not. The average 
annual gross pumpage in metered Alberta municipalities was 133 cubic 


meters per person as compared to 221 cubic meters per person per year 


3 


in municipalities which do not meter water use to their customers. 
Similar evidence with respect to higher per person water consumption in 
flat rate pricing municipalities is also presented in several studies done 
LnPinis iene One of the main reasons why the levels of water use are 


generally lower in metered municipalities is that metered rates do impose 


- See, for example: Hittman Ass., Main I, pp. 20-22; and D.F. Dunn and 
T.E. Larson, "Relationship of Domestic Water Use to Assessed Valuation 
with Selected Demographic and Socio-Economic Variables." Journal of 

American Water Works Association, Vol. 55, No. 4, (1963), pp. ai-s50. 


2 A.P. Grima, Residential Water Demand, p. 111. 


3 For more details, see Tables 6 and 7, pp. 19-20. 


‘ For example, the 1962 edition of Canadian Municipal Utilities claims 
that 100 percent metering reduces water consumption by 40 to 60 per- 
cent. 

Canadian Municipal Utilities, Waterworks Manual and Directory. (Toronto: 
Monetary Times Publications Ltd., 1962), De’ 576 

Hanke and Flack give evidence from Colorado that the introduction of 
metering reduced the annual and summer water use by 34 and 37 percent, 


respectively. 
S.T. Hanke and J.E. Flack, "Effects of Metering on Urban Water," Journal 


of American Water Works Association, Vol. 60, No. 12, (1968), p. 1364. 
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marginal monetary costs on the consumer and thus provide an incentive to 
curtail the less essential water uses. When flat rates are levied the only 
Significant incentive to halt the use of more water will be from negative 
effects due to excessive water use, such as seepage into basements caused 
by excessive lawn irrigation. The results from the Hopkins" study demon- 
strate the phenomenon as follows: average household uses differ little 
between metered and unmetered areas, but sprinkling uses and summer peak 
demands are more than double in flat rate ee This indicates that 
sprinkling uses are more price elastic due to the greater degree of substi- 
tution that can occur in sprinkling uses, most notably, in the greater 


efficiency of sprinkling. 


Price of Water 


The general law of demand states that the amount demanded increases 
with a fall in price, and diminishes with a rise in price. One of the 
reasons is that the customer has a limited income and limited assets. 

To buy more of one commodity, the expenditure on some other commodity has 
to be curtailed, and this trade-off will be greater, the higher the price 
of the commodity and will be of greater importance to his welfare, the 
lower his income. However, this argument is not widely accepted by water- 
works managers. It is argued that water demand is insensitive to price 


because it is a small item in the family budget and there are hardly any 


J F,P. Linaweaver, A Study of Residential Water Use, ppe 269-271. 
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substitutes for oes Under present pricing systems a large proportion 
of the water bill is fixed, irrespective of the amount of water used (see 
Table 10, p. 28) and even where water is metered; thus, the effect of 
price upon water use is diminished. 

Contrary to the deductive argument, several researchers have pro- 
vided empirical evidence of what appears to be a significant price effect. 
Howe and Linaweaver” found that price elasticity of water is smallest for 
indoor use (-0.23) and it is about -0.7 for sprinkling use in the western 
regions of the United States. In humid eastern areas of the United States, 
sprinkling demands do respond substantially to price charge (price elas- 
theity te =1425). 


3 


Grima~ reports that when prices are low, water uses are more re- 
sponsive to price increases since "at a high price less desirable water 
uses have already been discarded." The price elasticities of residential 
water, determined by household cross-sectional study, are reported to be 
-0.75 and -1.07 for the winter and summer period, respectively. 

When average prices and consumption for municipalities are compared, 
the estimated elasticities are lower and range from -0.25 to -0.4 at the 


5 


means (eg, Fourt, Haver and Winter, eee ae Wong,~ on the other 


hand, found no significant impact of price on water use in Chicago. 


: The average total expenditure per dwelling unit in the sample analyzed 
by Howe and Linaweaver was one percent per year which included water and 


sewer charges. 
C.H. Howe and F.P. Linaweaver, "The Impact of Price on Residential Water 


Demand and its Relation to System Design and Price Structure," p. 19. 
LDL) Dee? s 
3 A.P. Grima, Residential Water Demand, p. 113-114. 
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y S.T. Wong, "A Model of Municipal Water Demand," p. 43, 
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The results discussed above are not fully comparable because there 
is no uniform pricing policy among municipalities and regions. For example, 
the predominance of several declining block rates in metered municipali- 
ties means that not all residential users are facing the same price. 
Smaller users are paying higher marginal price and thus an estimated 
demand curve for individual households from municipalities merely reflects 
the fact that the lower price is charged when the quantity demand is 


high and vice versa. 
Theory and Analysis 


The theoretical and empirical work described in the following sections 
is designed to evaluate the hypothesis that community and residential 
water uses vary with a number of factors such as the economic level of the 
consumer, climate, and whether consumers have metered or flat rate service. 
The theoretical equation is fitted to sample data obtained from a survey 
in the Province of Alberta and is tested ea 

Two variations of the model are formulated. Total community water 
use in cubic meters per person averaged over the two year period is the 
variable to be estimated in the first, and residential use per resident 
averaged over two years in the second. Municipalities having metered or 
flat residential rates are treated separately since it is expected that 


the mode of pricing has some impact upon the demand behaviour of the 


customer « 
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Structure of the Demand Models 


Factors Affecting Levels of Residential Water Use 


The daily quantities of water used by residential customers in 
Alberta by far exceed the physiological requirements (about 1 litre per 
-jsndsehiee Thus, the major determinants of the quantity of water used are 
the water-using appliances and the irrigable area. Essentially, resi- 
dential water use is complementary to other household activities and is 
dependent upon the consumer's ability and willingness to purchase water- 
using durables. 

Total residential water demand is a composite demand, i.e., the sum 
of water used to complement activities indoors (e.g., washing) and out- 
doors, especially for sprinkling purposes. Based on findings from the pre- 
vious studies discussed earlier, there is a hierarchy of water-comple- 
mentary activities as reflected in the price elasticity of the associated 
water demand. This would suggest that an appropriate pricing policy is 
more suitable to residential water use management than any form of regu- 
lation or physical restriction because it respects the consumer's right 
to choose to use water for some purposes rather than for others. 

The composite nature of residential water demand is the main reason 
for its high seasonal variation. During periods of hot dry weather more 


water is used for lawn sprinkling, showers and direct ingestion?” The 


: B.H. Dietrich and J.M. Henderson, Urban Water Supply Conditions and 


Needs in Seventy-Five Developing Countries, World Health Organization 
Public Health Papers No. 23. (Geneva: WHO, 1963), p. 27. 


H Evaporative coolers are not used in single detached dwellings in 
Alberta. 
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seasonal fluctuation in demand is considered critical in the design of 
water supply systems. 

Even though there are likely to be numerous factors that may affect 
the magnitude of residential water use (e.g., habits, availability of 
leisure time, housing pattern, etc.) their relative importance varies 
among customers. For this reason, main emphasis will be given to those 
variables that are relevant to most residential users and are, to a certain 
degree, controllable by waterworks’ management. 

The causality of residential water use can be presented as follows: 
family income determines the level of water-complementary activities; 
family size influences the frequency of the equipment use; climatic con- 
ditions affect the duration of the use; technology sets up limits of tech- 
nical efficiency; and mode of pricing ere itself induce the consumer 


to use water more efficiently. 


Factors Affecting Levels of Community Water Use 


Community water demand is a composite demand and is the sum of 
water quantities used for residential, commercial, industrial, and public 
purposes. It is realized that not all the factors which have been demon- 
strated to have an influence upon the residential water use in the previ- 
ous studies are to the same degree relevant in explaining the variations 
in the remaining three major uses. This is especially true in the case of 
industrial water demand which is affected primarily by the nature of the 
product being produced and the technology used. It is a common practice 
for an industry using large quantities of water to have its own water 


supplies and thus it is only to a limited degree dependent upon the muni- 


cipal waterworks. 
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There are two main uses of water by commercial establishments: water 
used for sanitation purposes, and water which is used as an input to pro- 
duce such saleable services as car washing, cloth cleaning, and catering 
services. The relative importance of those basic water uses varies with 
the type of business the individual establishment is engaged in. Other 
factors which may have some effect on the scale of commercial activities 
are the wealth of the community residents and the degree to which the 
services are utilized by the local people. 

The irrigable area of municipal parks is the prime determinant of 


public water use. The intensity and duration of the irrigation is influ- 


enced by climatic factors and also by the local preference for green lawns.. 


Since most of Alberta municipalities have paved roads, dust cropping, 
once a very important segment of public water use, now accounts for an 
insignificant portion of the municipality's public water use. As the 
affluence and availability of leisure time increases the residents demand 
greater areas devoted to parks and also utilization of the existing parks 
is increased which necessitates greater care in the form of fertilizing 
and watering by the local parks department. 

In summary, there are some factors which affect all four main com- 
ponents of a community's water use; most notably, the price of water, 
mode of pricing, personal income and/or wealth, and climatic characteris- 
tics of the locality. However, there are other determinants, such as type 
of industrial and/or commercial activities, and degree of dependability 
of the large industrial users on mun‘icipal waterworks, which are signifi- 


cant enough to warrant treatment of each of the uses separately. 
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The Hypothesized Functional Relationship 


The functional relationships describing water use for the entire 
community and its residential components in terms of the parameters in 


the models could be expressed as: 


TP = f(A, BE» BQ, HS, PD, MP ) (1) 
and 
RUS f(Ayy BR, BQ, MR, HS, PD, MP) (2) 


The linear regression relationship may be written: 


iy 
= Pe. + 4 + a.HS + a/MR + 
D RU, Ao + “er + ane a a), BQ Tee alr 
MP + 
aoPD + agMP + U (3) 
where : 
ay 4,..9 are the regression coefficients (although ao is usually 
pieece 
termed the intercept or constant term); 
Le is the total pumpage of municipality 1 in cubic meters 
per person per year (2 year average); 
RU is the residential water use in municipality i in cubic 
x 
meters per resident per year (2 year average); 
A is the assessed value of land and buildings in munici- 
p 
pality i per person (2 year average); 
1 is the expenditure of municipality i per cubic meter 
u 


of tap water (2 year average); 
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BR is the base rate (the fixed bill) for one year per 


residential account; 


BQ is the base quantity in cubic meters per residential 


account per year that is allowed with the base rate; 
HS is the number of persons in the dwelling unit; 


MR is the marginal rate (variable price) of residential 


water in the first block; 


PD is the precipitation deficit in millimeters in munici- 


pality i for May-September period (2 year average); 


MP is the mode of pricing of residential water (metered, 


flat or assessed flat rate); 


U is the error of the equation having the usual stochas- 


tic characteristics. 
Since there are no a priori reasons indicating whether the function- 
al form of the relationship will be linear or multiplicative, both forms 
will be examined and the equations of "best fit" will be selected. The 
magnitude of the regression coefficients cannot be specified ex ante; 
however, the sign of the coefficients of a! BQ, PD is expected to be 


positive while the coefficients of Ew BR, MR, HS should be negative. 


Description of Independent Variables 


Assessed Value of Land and Buildings 

The conventional economic theory assumes that the demand for a par- 
ticular good is influenced by the price of the good, the income and/or 
wealth of the buyers, and prices of substitutes. Since other income or 
wealth data were not available and one of the objectives of this study 
was to examine the possibility of using readily available data in the 


model, average assessed value of land and buildings per person has been 
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chosen as the surrogate indication of the wealth of customers in Alberta 
niet) ise. The inclusion of land value gives some indication of 
the size of the potential irrigable area in the municipality. 

The relevance of this surrogate in explaining the variation in resi- 
dential water use may be diminished by the nature of this variable, an 
aggregate estimate of the values of residential, commercial, industrial 


and municipal properties. 


Price 

As has been shown in the previous chapter, there are basically two 
Widely used pricing schemes under which the customers pay for the services 
provided by waterworks in Alberta. These are meberea block rates and flat 
rates.“ 

It is not uncommon to find both pricing schemes in one municipality 
where the residential customers may be charged flat rates, while the com- 
mercial and industrial customers pay on the basis of water actually used. 
The situation is complicated even when all customers are metered. The rate 
is composed of the "base rate" which usually includes a "Pree" quantity 
of water, and the "unit rate" which often decreases as the quantity used 
by a customer increases (in which case it is called a "block rate”). 

Based on this reasoning, the average annual waterworks expenditure 


per cubic meter of water supplied (z) has been employed as an alternate 


1 Assessed land and buildings value are abstracted from 1966, 1967 Annual 
Reports, published by the Alberta Department of Municipal Affairs. 


A When the flat rate is based on some predetermined criteria such as the » 
number of water-using appliances, lawns areas, family size, etc., this 
rate is often termed the assessed flat rate. For example, the majority 

of residential users in Calgary are subject to this pricing scheme. 
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estimate of the water price which has to be borne by all users in the mu- 
nicipality. This variable will be examined in the equation estimating 
total community pumpage. 

The base rate is a relevant variable in all Alberta municipalities 
regardless of the pricing scheme employed even though the rationale be- 
hind is dependent upon the particular pricing policy. In flat rate pricing 
municipalities, the residential customer is paying some predetermined base 
rate which is not directly influenced by the amount of water actually 
taken. It is the only direct payment under the flat rate pricing scheme. 

The base rate to a residential customer in metered municipalities 
represents the minimum price he has to pay for the privilege of being 
served by the waterworks. 

Water consumption in excess of minimum allowance is charged at the 
"commodity" price which will be referred to as the variable or marginal 
rate. Frequently, the marginal rate declines as the quantities of water 
drawn by the customer exceed the specified "block" amount. In most munici- 
Bev ace average residential water use does not exceed the quantity 
subject to the first block rate. For this reason the marginal rate appli- 
cable in the first block will be tested in the equation estimating resi- 
dential water use. 

It is hypothesized that the coefficients of expenditure per unit of 
vater and marginal rates should have negative signs. In the case of flat 
rate pricing, the base rate may induce customers to "maximize returns" of 
their water payments by increasing water uses hence the coefficient is 
expected to be positive. Customers in metered municipalities are expected 
to te more influenced by the amount of the water bill than by marginal price 
because in most instances, only a single amount is shown on the bill vhey 


receive, and rates are not readily known. Thus, the coefficient of base 
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rate is expected to be negative. 


Base Quantity of Water Allowed with the Base Rate 

It is hypothesized that when the allowance is greater than the ine- 
lastic needs, customers will expand water use "to get full value" for 
their outlay. The rationale is similar to that of the base rate in flat 
rate pricing municipalities. A small but positive coefficient is ex- 


pected. 


Household Size 

Water use per household should increase with the number of persons 
per household. Because there are some basic sanitation needs of each 
household member, this particular use of water may be expected to be a 
linear function of the number of persons in the residence. Other fees 
should be independent of household size. Hence, the average (per person) 


use should decline with household size. 


Precipitation Deficit 

This variable is the non-negative difference of the precipitation and 
potential See It is mainly sprinkling demand that is 
strongly influenced by the magnitude of this variable. Data regarding other 
physical factors also known to affect the amount of water required to keep 
the lawn green, such as the water storing capacity of soil, are not availa- 
ble. The regression coefficient is expected to be positive. 


In this cross-sectional study the impact of the precipitation deficit 


: An excess of former over the latter represents a surplus which is 
ignored. 
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may not be fully revealed since the variance with respect to the growing 
season's precipitation and temperature is not large among the municipali- 


ties in the province, 


Mode of Pricing 
It is assumed that metering of actual consumption provides an in- 
centive to customers to use water more efficiently. It is expected that 
the impact of metering will be more pronounced in municipalities in which 
base water allowance is relatively small and the marginal rate higher. 
Even though the assessed flat rates are more equitable than flat 
rates (because the former scheme is somewhat related to the actual water 


use level), they too should influence water demand as any other flat rate. 


Description of Dependent Variables 


As has been pointed out in the previous chapter, the accuracy of 


total pumpage and water use by class of customer data are subject to errors 


of measurement. Not all Alberta waterworks have the facilities to accu- 
rately measure the amount of water withdrawn and/or may keep the records 
of water quantities lumped together as an aggregate for residential, com- 
mercial, industrial and public uses. 

Since multiple-dwelling units (apartment buildings) are often regis- 
tered as commercial entities in municipal records, including those kept 
by the waterworks, "residential water use" as used in this study refers 
only to water supplied to single-dwelling units. For this reason the 


following formula has been used to estimate the residential water use 


per resident: 
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ee (RU/RA) / HS 


where: 
RU. is the residential water use per resident; 
RU. is amount of water supplied to single-dwelling units; 


RA is the number of residential accounts (which has been found 


to be almost identical to the number of single-dwelling units); 


HS is the average household size (calculated as: total popu- 
lation/number of all dwelling units). 


In any Alberta municipality, there are some households not being 
served by the waterworks (see Table 1, pe 9) and also a number of water- 
works provide services beyond the corporate limits of a particular munici- 
pality. In this study, the variable expressing total pumpage per person 
has been adjusted for the above considerations. 

It should be noted that both of the dependent variables represent 


the averages of 1966 and 1967 pumpage and consumption data. 


Estimating the Parameters 


In this study two alternate methods of determining the effect of 
pricing mode will be used. Parallel estimates equation (5) versus 
equation (7) will be done separately for each pricing mode class. The 
dummy variable estimates will be done by combining all mode pricing 
classes and specifying a variable which takes the value one in case of 
one pricing mode, and zero for all other pricing mode classes. If there 
are (n) pricing modes, (n-1) dummy variables are necessary and sufficient 
to uniquely identify each class. The dummy variable method gives more 


reliable estimates provided that the response pattern of demand, i-ee, 
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the relation to other than the dummy variables, is similar regardless 
of pricing mode. 

The regression coefficient associated with a pricing mode variable 
estimates the difference in the average water use or pumpage over the 
pricing mode with value zero; it is considered a "demand shifter". 

The technique of least squares will be used in the derivation of 
coefficients of the postulated explanatory variables. In order to ensure 
the "best" and "unbiased" regression coefficients, the following assumptions 
of least squares analysis should be met: 

1) The explanatory variables are linearly independent of one another. 

2) The explanatory variables are independent of the residuals from 

regression. 

3) The expected value of the residuals is zero; and the variance of 

the residuals is constant over the range of data considered. 

Ly) There is a linear relationship between the dependent variable and 

the explanatory variables and a disturbance term. 

5) The explanatory variables are random variables and contain no 

random errors (nee, represent the population). 

6) The number of observations is greater than the number of parame- 

ters to be estimated. 

The partial regression coefficient (b, ) indicates how much the de- 
pendent variable will change, per unit change in the independent (or ex- 
planatory) variable, provided the other independent variables do not 


change, i.e., ceteris paribus. 


Essentially, there are four statistics on the basis of which the 
equation of "best fit" may be chosen. These are: 
1) The coefficient of determination (r“) indicating the fraction of 


the total variation in the dependent variable associated with the 
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variation in explanatory variables. 

2) The F-value showing the ratio of the explained variance to the 
unexplained (residual) variance. 

3) The multiple standard error of the estimate (Ss) measuring the 
preciseness of prediction of the dependent variable on the basis 
of the explanatory variables. 

4) The standard errors of the regression coefficients indicating 
the degree of significance of the individual regression coef- 
ficients in the equation. 

In regression analysis the error from the equation may be attributed 

to: 1) measurement errors; 2) imperfect or incorrect specification of 
the form of the equation; and 3) the inherent irreproductibility of biolo- 


gical and social phenonenae 


Empirical Results 


Residential Water Use in Metered Municipalities 


Even though the number of Alberta municipalities metering their 
residential customers is at least 87,° only for 27 communities could all 
data required by the estimating equation be secured. The means, standard 
deviations and coefficients of variation for all variables in this sample 


are given in Table 25. The relatively low values of the coefficient of 


: R.J. Wonnacott and T.H. Wonnacott, Econometrics. (New York: John Wiley 
EecONe, mines, 1970), De 17. 
q This datum indicates the minimum number of metered municipalities, since 


there are some municipalities which did not answer the survey question 
regarding the mode of pricing. 
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TABLE 25 


MUNICIPALITIES METERING RESIDENTIAL WATER 


(N = 27) 


Coefficient 
Standard of 


Variable Mean Value Deviation Variation 


153.602 88.053 


38 610 15:67:20 
24.200 11.600 

3-700 0.400 
330.000 119.000 


76.451 21.599 


Notes: ae is the assessed value of land and buildings in thousands of 


dollars per person (2 year average); 


BQ is the base quantity of water in cubic meters per resi- 


dential account per year that is allowed with the base rate; 


BR is the base rate in dollars per residential account per 
year}; 

MR is the marginal rate in cents applicable in the first block; 

HS is the household size; 


PD is the precipitation deficit in millimeters for May - 
September period (2 year average); 
RU is the residential water use in cubic meters per person per 


year (2 year average). 
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variation for some variables, notably household size, assessed value and 
precipitation deficit, indicate close clustering around the means. This 
lack of variation increases the standard errors of the regression coef- 
ficients for the above variables. In Table 26 the matrix of correlation 
coefficients of variables tested by the estimating equation is presented. 
The following theoretical equation has been assumed to "explain the 


variation in residential water use per resident per year: 


RU ee f(A BQ, BR, MR, HS, PD) (4) 


TABLE 26 
MUNICIPALITIES METERING RESIDENTIAL WATER (CORRELATION COEFFICIENTS ) 


(N = 27) 


Variable 


-0. 338 


0.332 


Oey 


0.259 
0.275 
0.376 


For explanation of symbols see note to Table 25, Dp. 74. 
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The linear Bouetece which best fits to the sample data is: 


2 
RU, = 146.358 - 0.559BR’ + 0.139BQ” - 18.622HS" 5) 


standard 

errors: 20.729 0.249 0.042 9.880 

elasticity 

estimates: -0.282 0.279 -0.901 
2 *% 

R = 0.43 F-value = 5.73 N = 27 


The above equation indicates that an increase of 10 cubic meters in the 
base quantity would lead to an increase of 1.4 cubic meters in the resi- 
dential water use per resident per annum, ceteris paribus. When the annual 
base rate is increased by 10 percent, a decline of about 2.8 percent in 
the residential water use may be expected. The existence of economies of 
scale in residential water use is evident from the size of the coefficient 
of household size which indicates a decrease of over 18 cubic meters in 
the annual consumption per person when a household is enlarged by one 
person. 


The regression coefficients of the variables in the above equation 


: The multiplicative form of the theoretical equation has also been tried; 
however, the equation of "best fit" which includes the same variables as 
equation (5) has only R2 of 0.32. For more details see Appendix II] where 
some alternate formulations are presented. 

© Oo significant at 90 - 95 percent level 
* significant at 95 - 99 percent level 
** significant at > 99 percent level 


3 Elasticity estimates at the average of the sample values calculated as 
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are statistically significant at high probability levels and have the ex- 
pected algebraic signs. However, the equation's coefficient of determi- 
nation of 0.43 indicates that there are additional general or local factors 
which affect residential water use. 

The correlation between the residential water use and assessed value 
is low (Table 26). The latter variable, while indicating the expected 
direction of influence may not be suitable to predict residential water 
use in a cross-community context. The insignificant regression coefficient 
of marginal rate and the positive relationship between the residential 
water use and this variable (see Table 26) may imply that the residential 
customer is more responsive to the actual size of a water bill, as given 
by the base rate, than to the marginal rate. As reflected in Table 26, the 
communities located in more arid areas tend to allow less water with the 
minimum bill which is for that reason lower (negative coefficient of corre- 


lation between BQ and PD), 


Residential Water Use in Flat Rate Pricing Municipalities 


There are not too many flat rate pricing municipalities in Alberta 
that can estimate the amount of water consumed by residents or for that 
Perea ay) any other group of customers. In order to estimate the amount 
for a particular use, the gross pumpage and consumption data of the re- 


maining users would have to be known. Complete data were available for 


: This finding is in contrast to Kellow's observation that assessed value 
is a good predictor of water use in a cross-sectional analysis of house- 
holds within the same municipality (Kellow, "A Study of Water Use in 
Single-Dwelling Residences," p. 131.). 
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only eight Alberta connie In Table 27 the means, standard devi- 
ations, and coefficients of variations of the sample data are presented. 
The average residential water use in flat rate pricing municipalities is 
over 46 percent higher and the fluctuation around the mean is greater when 
the water use data in Tables 25 and 27 are compared, even though the 
average household size is somewhat greater in the flat rate pricing sample. 
However, this difference is not statistically significant. 

The residential water use in flat rate pricing municipalities has 


been assumed to be the function of the following independent variables: 


TABLE 27 
MUNICIPALITIES WITH FLAT RATE RESIDENTIAL TARIFFS 


(N = 8) 


Coefficient 
@ye 
Variable Mean Value Deviation Variation 


0.590 


17.070 


0.340 


299.000 131.000 


111.842 45.354 


For explanation of symbols see note to Table 25, p. 7TH. 


: Calgary is included in this group, even though about 20 percent of resi- 
dential customers are charged according to quantity of water taken. 
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(8 = 4) Soa" 
bealgat 


Pil 


RU, = f(A, BR, HS, PD) (6) 


The linear equation which best fits the sample data is: 


RU. = 115.061 + 1.884BR° + 524609,” - 40.157HS : (7) 
standard 
errors: 43.275 1.105 Ser 54.257 
elasticity 
estimates: +0.635 +0.714 -1.364 
Re = 0.48 F-value = eo N = 8 


The above equation indicates a relationship between water rate (BR) and 
residential water use (RU_.) that runs counter to the expectations of some 
because it shows a positive price elasticity of demand. This finding 
however, supports the argument stated earlier that water users maximize 
their satisfaction by increasing water withdrawal since rates are set 
independently of water Wee The increase in affluence, as represented by 
variable . by 10 percent would be followed by 7.14 percent greater 
water use. The regression coefficient of household size points in the 
expected direction but is not statistically significant; it is a result 
of very small variation of this variable in the sample data (coefficient 


of variation is 8.94 percent). 


In Table 28, which gives the correlation coefficients, an interesting 


: For explanation of symbols, see footnote 2, Pp. TOs 


2 This finding may yet be a statistical fluke, even though the coefficient 
of BR is significantly different from zero at 90 - 95 percent probability 
level, because there are very few observations in the sample. 
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TABLE 28 
MUNICIPALITIES WITH FLAT RATE RESIDENTIAL TARIFFS 


(CORRELATION COEFFICIENTS), (N = 8) 


Variable RU. 


HS 
BR 
AD 
PD 


For explanation of symbols see note to Table 25, p. 74. 


relationship between the precipitation deficit base rate and residential 
water use can be observed. The positive sign and relatively high correla- 
tion coefficients suggest that waterworks located in more arid parts of 
the province tend to charge higher rates because the average residential 


water use is also greater. 


Residential Water Use in a Combined Sample of Metered and Flat Hate 
Pricing Municipalities Related to Waterworks Expenditure 


In order to find the impact of mode of pricing on average residential 
water use, a sample of 29 municipalities, all having the data required by 
the theoretical equation, was drawn. The theoretical equation has been 
expanded to include the average waterworks annual expenditure (cost) per 
100 cubic meters of water produced. In Table 29 the characteristics of 
the sample data are presented. There are 22 municipalities metering their 


residential customers selected in the sample. Of the remaining seven mu- 
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TABLE 29 
JOINT SAMPLE OF MUNICIPALITIES 


ch eh) 


Coefficient 
Standard of 


Variable Mean Value Deviation Variation 


1.537 0.532 


42 460 11.210 
3-800 0.400 
259.000 48.300 
19.700 10.790 


86.504 33-011 


Notes: EL is the average waterworks expenditure (cost) per 100 cubic 


meters in dollars (2 year average). 


For explanation of the remaining symbols see note to Table 25, p. 74. 


nicipalities, four communities use flat rate pricing and three communities 
charge their residential customers assessed flat rates. As in the previous 
two samples, the close clustering of household size values around the 
mean is evident also in Table 29. 

The following theoretical equation is tested against the sample 


data: 
RU, = f(A,» BR or Ey HS, PD, MP, AP, FP) (8) 
where: 


A_, BR, E., HS, and PD are the symbols of variables already defined 
Pp u 


above} 
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AP and FP are zero-one dummy variables of pricing mode; 


AP is equal to one only for municipalities which have 
pricing; in all other cases this dummy variable is 


ZeYo; 


FP is equal to one only for municipalities which have 


pricing; in all other cases this dummy variable is 


ZCYOe 
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assessed 


equal to 


flat rate 
equal to 


Municipalities with metered pricing are distinguished by a value of zero 


for both of the above variables. 


The linear equation which best fits the sample data is: 


i 


RU, = 121.876 - O.194n - 17.576HS + 16.2094,° + 39.902FP" + 47.936AP’ (9) 


standard 

errors:54.692 0.697 14.681 12.263 sd SIS )6 | 
elasticity 

coefficients: -0.044 -0.772 +0288 N.A. 
Re = 0,45 F-value = 3.71" N = 29 


20.053 


N.A. 


In the above equation the coefficients of average expenditure (z.) and 


household size (HS) are not significantly different from zero but they 


have the expected negative sign, The magnitude of the coefficient of 


assessed value (A,) indicates that a 10 percent difference in affluence 


is associated with a 2.9 percent increase in residential water use. 


However, the degree of responsivness, as measured by the coefficient of 


elasticity has declined in comparison to equation (7) based on observations 


: For explanation of symbols, see footnote 2, Pp.» 76. 
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from flat rate pricing municipalities only. The main features of the above 
equation are the coefficients of mode of pricing. Both coefficients are 
significantly different from zero and have the expected sign. The magni- 
tude of these coefficients implies that in flat rate pricing municipalities, 
the average annual residential use may be expected to surpass the con- 
sumption in metered areas by almost 40 cubic meters (50.3 percent) and 

in communities with assessed flat rate pricing by 48 cubic meters (60.3 
percent). 

The above results are also supported by the pattern of the correlation 
coefficients shown in Table 30. The correlation between the average resi- 
dential water use in flat rate pricing municipalities is positive and 
significantly different from zero, In metered municipalities the opposite 
is true. The negative sign and significant coefficient of correlation 
between the average expenditure (z) and residential consumption demon- 
strate the effect of economies of scale in water production. And the 
magnitude of positive correlation between the base rate and average expen- 
diture further amplifies the impact of size on the average expenditure and 
base rate. The negative correlation between the water use and precipi- 
tation deficit, which is contrary to expectation, is most likely caused 


by the nature of this combined sample. 


Total Pumpage in a Combined Sample of Metered and Flat Rate Pricing 
Municipalities 


The characteristics of the combined sample of 53 municipalities are 
given in Table 31. Comparison of the data statistics in Table 29 shows 
that the means and the standard deviations of all identical variables are 


very similar, since the two samples drawn from the sane population universe 
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TABLE 30 


JOINT SAMPLE OF MUNICIPALITIES (CORRELATION COEFFICISNTS ) 


Variable 


= 23) 


REL IES SEL a EL ET AT eT TE 
Alpe Lay | eek 
u p 


Notes: FP is the flat rate pricing; 


AP is the assessed flat rate pricing; 
MP is the metered pricing. 


For explanation of the remaining symbols see note to Table 25, 
pe 74. 


are known to overlap. The average total pumpage is greater than the average 
residential water use and this is to be expected. 
The sample data were fitted to the following theoretical equation 


which includes dummy variables representing the mode of pricing: 


TP, = F(A, Bor BR, HS, PD, AP, FP) (10) 
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TABLE 31 
JOINT SAMPLE OF MUNICIPALITIES -- TOTAL PUMPAGE 


(N = 53) 


Coefficient 
Standard of 


Variable Mean Value Deviation Variation 


1.460 0.449 


43.790 11.090 
18.040 10.430 


32770 0.420 
2592230 58.090 
148.550 106.771 


Notes: ue is the total pumpage in cubic meters per person per year; 
excluding the sales of water to customers outside the 


corporate limits of a municipality (2 year average). 


For explanation of the remaining symbols see note to Table 25, 
pe 74. 


where : 
oe is the total pumpage per person. 


The other symbols have been described in the note to equation (8). 


The linear equation which best fits the sample data is: 


TP, = 187.068 + 0.272PD° - 367828," ~ 17.759HS + 
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standard 
errors: 105,872 0.166 ib alGlens 22 6690 
elasticity 
coefficients: 0.475 -0.460 -0.451 
%H xx + 
+ 24.579FP + 182.439AP (11) 
standard 
errors: 34.873 34.624 
elasticity 
coefficients: NA. N.A. 
Re = 0.65 F-value = 17,46" N = 53 


The above equation has an explained variation of 0.65 and all the varia- 
bles have the expected signs. With the exception of the coefficient of 
household size, all remaining variables are significant at high proba- 
bility levels. The “price” elasticity of -0.46, as indicated by the re- 
gression coefficient of average expenditure, shows a moderate degree of 
responsivness of all water users as a group to charges in water rates. 
Relatively small impact on the total pumpage may be expected as the re- 
sult of fluctuation in precipitation deficit (an increase of 4.75 percent 
in the total pumpage is associated with an increase of 10 percent in 
moisture deficit). The impact of mode of pricing on the total pumpage is 
clearly demonstrated by the magnitude and statistical significance of the 
coefficients of assessed and flat rate pricing variables. The huge shift 
of water use associated with the assessed flat rate pricing mode is due, 
in part, to local water use factors associated, but not causally related 


to the pricing mode (large loss factor and water-extensive industries) in 


: For explanation of symbols see footnote 2, Dp. 76. 
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two municipalities, 

From the magnitude of correlation coefficients shown in Table 32 
it is evident that the volume of total pumpage is more dependent on the 
average expenditure than on the base rate where the coefficients are 
-0.635 and -0.152, respectively. There is another relationship revealed 
in this table. Metering is associated with lower volume of total pumpage 
but also with higher average expenditure ; meanwhile, either form of flat 
pricing has exactly the opposite association with total pumpage and 


average expenditure. 


TABLE 32 
JOINT SAMPLE OF MUNICIPALITIES -- TOTAL PUMPAGE (CORRELATION COEFFICIENTS ) 


(N = 53) 


Variable oF E HS A 


For explanation of symbols see notes to Table 30, p. 84. 
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Conclusion 


The main objective of the least squares analysis performed in this 
chapter was to obtain statistically significant regression coefficients 
of the variables which were thought to relate to levels of water use. 
While none of the hypothesized relations are rejected, the empirical 
data lend only moderate support to some of them due to lack of variance 
and/or the aggregateness of some of the independent variables and because 
of imprecision or lack of data (mainly in the case of flat ea pecans 
municipalities). 

There are two important findings which may be singled out: 

1) the relevance of unit price of water on either residential use 

or total pumpage has been indicated; 

2) the impact of mode of pricing on levels of water use has been 

demonstrated. 

The results of the theoretical and empirical work presented in this 
chapter are discussed further and are applied in the chapter on policy 


implication. 
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CHAPTER IV 
PRICING PRINCIPLES AND PRACTICES IN WATER SUPPLY: 


THEORY AND ANALYSIS 
Nature of Waterworks 


The production of treated, piped water is characterized by heavy in- 
itial outlays and for this reason, the advantage arising from large-scale 
production can be fully realized only when a single waterworks is providing 
water services to a large community. Because of this natural monopoly po- 
sition of waterworks and the importance of adequate water supplies, these 
enterprises are either owned by the communities (as is the case of most 
waterworks in Alberta) or are subject to public utility regulations and 
operated under what amounts to a fixed profit constraint. Subject to 
Geeeeeion by the elected municipal council, a waterworks is free to choose 
the level of output, mode of pricing and sets of prices which would either 
earn enough revenue to cover production foes (in the case of public 
enterprises) or just meet the net revenue constraint (the instance of 
regulated waterworks). The problem, then, is to determine which of the 
price-output combinations from the economic standpoint yields the most 


effective allocation of resources permitted by the above constraints. 


: The production costs usually involve operation and maintainance expense, 
annual debt retirement (cost of interest and amortization payments on 
outstanding debt), cost of annual capital additions, and taxes or cost 
of provision of "free" services (such as fire protection) to the community 


in leiu of taxes. 
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The Role of Prices 


The pricing of water serves diferent purposes: first, to efficiently 
allocate production resources to the supply of water in competition with 
other worthy ends, and to allocate it among users; second, to recover 


through user charges of some kind the costs incurred in production of tap 


water. In general, economic efficiency and cost recovering objectives point 


to different pricing rules which will be discussed presently. 

Popular belief regards water as a special good, a necessity of life 
rather than luxury, and, as such, ought not to be made subject to the 
ordinary rules regarding optimum resource allocation. On the other hand, 
it is true that the production and consumption of treated, piped water 
contains mixed characteristics of both pure private and pure public good 
because not all the benefits arising from the production and consumption 
are private in nature. The provision of adequate water supplies is of a 
public interest as it gives a community control over water borne diseases, 
helps to upgrade the urban environment and is a basis for fire protection. 

Indeed, when a good is a necessity rather than a luxury, it should 
be a reason for economizing on its use, especially when the abundance of 
water is more apparent than real and heavy initial outlays in supplying 
water are involved. 

A searching examination of the literature concerned with waterworks 
rate-making resulted in the following conclusion: At present there is no 
uniform practice in determining rates. Quite often a rate structure is 
adopted which would provide sufficient revenue with fewest complaints. 
Only scant consideration is given to fundamental principles of pricing and 
very little use is made of cost data and price elasticities of demand. 


Even though a number of Alberta municipalities, especially those 
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served by small scale waterworks, transfer relatively large sums from 
their tax revenues to cover waterworks costs, there are few, if any, re- 
ported instances of a community where user charges were completely re- 
placed by general tax financing,” This indicates the preference to re- 
cover the costs incurred in water production (at least in part) from those 
who consume the good. 

In the following sections three pricing principles which encompass 
several of the important objectives of a pricing system will be discussed: 
1) the marginal cost rule; 2) average cost pricing; and 3) om eine 


pricing. 
Marginal Cost Pricing 


According to the marginal cost rule, resources are efficiently allo- 
cated among competing uses when the consumer's satisfaction derived from 
the last unit of the consumed good is equal to its price, which must equal 
the real cost incurred by the producer of the last (marginal) unit of the 
good at the desired quantity level. The rationale is a consumers of 
any product are paying for it in an amount exactly equal to the value of 
the resources used up in producing the last unit of it. Had these resources 
been diverted to another industry, they would have yielded a product of 
the same value provided they are priced at marginal cost too. When all 
prices in the economy are set in this manner, it will lead to a pattern 
of output which simultaneously takes into account the relative scarcity 


of resources and the pattern of consumer preference. In this perfectly 


: The financial situation of Alberta waterworks is discussed in detail 
in Chapter II of this study. 
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conpetitive situation and in the absence of externalities, both in pro- 
duction and consumption, if a price of the good (as determined by demand 
and supply conditions) fails to cover marginal cost, consumers are paying 
too little for the provision of the good, which has been over supplied. 
On the other hand, the price in excess of marginal cost is an indication 
of unduly constrained demand, 

In order to attain an equilibrium situation in production, a price 
of the good should cover not only marginal cost but also average cost which 
enables the enterprise to "break even" so that the enitre cost of production 
is being placed on the consumer. Such a situation is illustrated in 
Figure 5 where the demand curve D cuts the average cost curve AC at its 


lowest point A; that is, where the marginal cost equals the average cost. 


FIGURE 5 


MARGINAL COST PRICING (P = HC = AC) 
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A problem arises when the producer is operating under conditions of 
increasing returns to scale, i.e. decreasing costs, as is often the case 
with waterworks. This situation is caused by the increase in technical 
efficiency as a result of expansion of treatment plant and/or distribution 
capacity. Under these conditions, the producer will incur a loss if he 
prices water equal to the marginal cost in order to attain socially opti- 
mal allocation. In this case, the price fails to cover the average cost 


(Figure 6). 


FIGURE 6 


MARGINAL COST PRICING UNDER INCREASING RETURNS TO SCALE 
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This assertion is based upon the empirical evidence given in Chapter II 
of this study. 
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The consumers will demand more units of the good up to 0a, where price Py 
is a measure of the satisfaction foregone for not consuming other goods. 
However, with output OQ, at the price Pas the producer encounters a reve- 
nue loss to the extent of the shaded rectangle P, CBP,» which amounts to a 
subsidization of the consumer (the loss, in the case of a publicly owned 
waterworks, would have to be covered by transfers from general taxation 
revenues). On the other hand, if the producer decides to cover his ex- 
penses by setting the price at Pos the output demand at this price would 
be reduced to OR,» corresponding to a net loss in society's Shean and 
represented approximately by the area ABC.“ 

A strict adherence to this pricing rule would imply that all buyers 
be faced with a single marginal price, therefore block prices are incon- 
sistent with this pricing rule. 

The marginal pricing rule, however, cannot be recommended without some 
reservation. First, marginal cost pricing will achieve an optimal resource 
allocation only in the world of pure competition where social and private 
costs and benefits will need to be equal throughout the economy so that 


if each person of society pursues his own aims, he necessarily promotes 


" Goods, in general, are valued, not according to their real uses in sup- 
plying the necessities of men, but rather in proportion to the effort (in 
terms of labour and capital) that is required to produce them. The excess 
of price which the consumer would be willing to pay rather than go without 
the good, over that which he actually does pay is the economic measure of 
the surplus satisfaction called consumer's surplus. 


¢ It appears that a clear distinction has to be drawn between the water 
user's surplus, the producer's (waterworks ) surplus, and society's or 
net social surplus, which is the sum of the two. The shift in price from 
P, to P. costs the water user dearly, since he loses all the "subsidy" 
p CRP Therefore, total water user's surplus "lost" by the price charge 
ig the area ACP,P.. Producer's surplus gained due to the price increase 


is the area ABCP, P » The difference between these two seems to be repre- 
sented only very a Bee ak by the triangle ACE. Total social loss 


then is: ACE - (AFP,P., - BCEF). 
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those of the rest of the community as well. Unfortunately, both the above 
conditions are partly violated in the water supply industry because water- 
works are natural monopolies and benefits which accrue from adequate water 
supplies cannot be fully divisible to the individual consumer. Second, 
if the waterworks’ average costs decrease when the scale of its production 
increases (increasing returns), and the enterprise sells at a unit price 
equal to marginal cost, the enterprise must lose money on each and every 
unit it sells, no matter how efficient its operations. If the deficits 
are to be made up by a subsidy out of taxes, these funds have to be derived 
by making some other prices depart from marginal costs. Third, the margin- 
al cost rule is based on the assumption that the marginal utility of money 
is equal to all consumers, because they are paying the same price for the 
good. To agree with this proposition in effect implies that optimal re- 
source allocation is a function of ability to pay for the product, rather 
than a function of the distribution of social satisfaction. 

Even if these qualifications prevented the marginal cost rule from 
governing rates, it is useful because it helps to determine whether ad- 


ditional waterworks output justifies a community's foregoing other goods. 
Average Cost Pricing 


When the goal of an enterprise is to be self-supporting, i.e., the 
rates are set at such a level as to gather enough revenue to cover the 
full cost of production, then the average cost pricing will ensure the 
achievment of the objective. The average cost principle gives an impression 
of fairness because consumers are asked to pay according to the value, 
on the average, of the resources used up on their behalf so that the pro- 


ducer neither makes a profit when marginal costs exceed unit costs nor 
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subsidizes consumers in the case of decreasing average costs. 

This form of pricing, however, does not guarantee that the allocation 
of resources will be socially optimal. The magnitude of potential resource 
misallocation will depend on the conditions of cost and demand as shown 
in Figure 7. Generally, the misallocation will be smaller the closer margin- 
al cost approximates average cost. When marginal cost is equal to average 
cost, the indicated output 08, is socially optimal under both rules. Also, 
resource misallocation will be small when the price elasticity of demand 
is low, i.e., the rate of water use ‘is affected only a little by changes 


in water rates. 


FIGURE 7 


AVERAGE AND MARGINAL COST PRICING 


Price, Cost 
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The inadequacy of the objective of just covering costs with revenues 
is demonstrated in Figure 7 in which marginal and average cost pricing are 
contrasted. In this diagram, average costs decline in the range of output 
OQ. and then rise after production is continued beyond this Poles! 

If the waterworks practiced average cost pricing in the range of 
increasing average costs (i.e., facing D3)s it would produce 08), units 
of water at a price level OP) and no financial surplus would be realized. 
It can be noticed, however, that the marginal cost incurred in producing 
the 0Q)th unit exceeds the demand price OPy by BC. Since consumers’ valu- 
ation of output beyond the socially optimal output level 02, is lower than 
the actual cost, it indicates that the resources would be employed to a 
greater advantage in some other industry where consumers could get more 
benefit from them to the extent of the area ABC. The average cost pricing 
in this case would thus lead to over-utilization of production capacities 
as a result of under-valuation of scarce resources. In theoretical terms, 
the amount of social loss is measured by the area ABC. On the other hand, 
pricing according to marginal cost rule would establish a rate level of 
OP, followed by the socially optimal output 02, In this case, total reve- 
nues would exceed total costs and a surplus of wget would be realized. 

Only in the case where marginal and average costs are equal Cites; 
demand Do) setting a rate level at OP, would have resulted at a socially 
optimal production level of 02, and in the waterworks’s breaking even. 

In summary, the adherence to the average cost pricing rule will en- 
sure the waterworks, at any production level, with generating enough 


revenue to balance production expenditures. At the same time, there is 


ner etree cerntiet ean ote cama 


: For a discussion regarding the implication of pricing policy on the 


range of decreasing average costs (4.e., demand D,) see the previous section. 
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likely to be some degree of resource misallocation which can be empirically 
determined through knowledge of demand and supply conditions for the product 


in question. 
A Suggested Water Rate Schedule: Multipart Pricing 


There are three main criteria which should be integrated into a system 

of charging for water services such that: 

1) water users pay the share of costs that is attributable to their 
own actions; 

2) water users are free to determine the quantity of water taken and 
time of use, and thereby control the amount of their monthly water 
bill; 

3) the system of billing and enforcing is workable and of reasonable 
coste 

It has been pointed out earlier that the waterworks faces a demand 

for water which is unevenly distributed over the seasons of the year. 

For this reason a good pricing policy should also account for the differ- 
ences in the load factor of the individual water users. It means that 
the price of water should cover not only the marginal cost per unit of 
water but also reflect the capacity cost (a cost related to capital and 
maintenance costs of the system), ae Site marginal cost per unit of 
capacity required to provide the water at a time as specified by the 
user, The rate attributable to a demand-for-capacity is characterized 


by the ratio of peak to average demand and the duration of the peak de- 


: The customer's load factor is his average water usage expressed as a 
percentage of his maximum water use. 
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mand. This pricing argument is based upon the Will4anson's* method which 
separates demand-for-quantity from demand-for-capacity and blends the 
rate such that the cost of the marginal quantity, (the operating cost) 

as well as the cost of the marginal capacity (the capital and maintenance 
costs) are covered. While the operating cost (b) remains the same for any 
period, the capacity cost (c) is a variable and depends, in effect, upon 
the demand-for=-capacity. For any portion of the demand cycle (w,) with a 
given demand-for-capacity the price to charge equals: 


i] 


Bacal yah ca/Wg 
The second part of the rate (c,/w4) increases with the peak-to-average use 
ratio, and decreases the longer the fraction of the demand cycle is during 
which load d prevails. 

Using Williamson's method and assuming that waterworks revenues should 
cover its costs it will become necessary to separate rates into the charge 
for quantity (b) which is uniform to all users, and the charge to cover 
the cost satisfying the users’ demand-for-capacity. There are basically 
two methods to determine the user’s demand~for-capacity. Assuming that 
monthly peak demands are related to possession of observable water using 
installations such as lot or garden area, home value, washing machines, 
bathtubs and showers, etc., then this information can be used to assign 
to the user a demand-for-capacity rate. This assessment will be done only 
once at the commencement of the service and re-assessment will be warranted 


Bale when the installations are changed. A similar procedure is already 


: O.H. Williamson, "Peak-Load Pricing and Optimal Capacity Under Indivi- 
sibility Contraints,” American Economic Review, Vol. 56, (1966), pp. 810-827, 


“a 
y 


bali te ui edt) nace ann et 0 Son 
ys rol ema otid entomox {s) des aritteroma ort afiiW .Dereven' # 

’ aogh ,sasite at ebneqeb fns oldnixnsy = ab’ (5) Jago pease te 
, & atin (0 efsyo buiweb att to aots10g yna mot yttocgnsratebeahe, ott 
— eyzeid o} sofxq ett vier ie an 


4 6 


7 


: 

1 
i! 
| A Se 


Fas 
be | 


peg? +o 
an Baerave-ot-—iseq sl} dtiw esaseranl ( ig?) Stet ons to: orem baoves saT ay 
miitus ak.sloys beamed add to noksomst aAt vteanol sit 432 se0oe6 Gas atten 
Siievety 5 baol doldw od 


bizare Zeunover aitowretsw teit anlmuace ona borian 8 poemn elt ey gneed ia 
7 


ssist> af} otmk zodst etenatoa of yreezepen ounred ffe $4 ated wit tevoo, of 
sevop. o¢ eprato eft bos ,eraau ffs of mot bi eh Hottin (d) Stina 0% a 
tlisotasd xs sredT ysl a lala a ‘eteau edo artvtabten ago sie es 

os 

—_) 


‘ 


= a 


teniv pishausen aysdionies-tolbasaeb 2 Veen ode anigrreteb ot, bial ile A 
Site: +telew sidevtecdo to nolsescou of bsteler! pee “eae deg itn 
2erhised pniiesw | conten: ager «HBTS nebraa 0 #oL ae sous shoteatiaimak | 
figtees ot beau ed mad Noicéqrotat aldd merit aie 
eine were irs erAt ee ee 


an 
a 


100 


used to determine assessed flat rates for water use in several Alberta 
communities. This method will be suitable for smaller waterworks with 
manual billing procedures. 

More equitable will be an alternative method which bases the demand- 
for-capacity rate on the ratio of the user's own annual average use and 
the average daily use per billing period. The necessary calculations can 
be readily performed by a computerized billing routine. 

Employing either of the methods described above will not require an 
installation of dual-rate meters to be timed for peak and off-peak use and 
will also prevent penalizing those users with fairly stable water demands 
throughout the year. 

The portion of capital and maintenance costs attributable to provision 
of fire protection services, irrigation of public parks, etc., can be 
covered by special frontage taxes or general property taxation. On the 
other hand, the cost of "beautification" will be the capital and main- 
tenance cost of the additional readiness-to-serve system capacity to pro- 
vide the extra irrigation water which users will not otherwise be willing 
to buy for their own satisfaction. Thus, a general revenue transfer to the 
waterworks will enable it to reduce the demand-for-capacity charge to 
individual users accordingly. | 

As a result of such a pricing policy, a revenue surplus will be pro- 
duced when a waterworks operates under increasing costs. The surplus, in 
the case of a regulated waterworks may either be subjected to some form 
of municipal taxes, or the rate of the first units of water may be reduced, 
which would notably assist low income custoners, enabling them to afford 
more readily that water considered indispensable for satisfying vital 
sanitary requirements. The extra revenue, in the case of municipally- 


owned waterworks, could be used either as a source of funds to meet further 
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capital outlays in water and sewage sustems or may be used to alleviate 
adverse effects of relatively Higher rates on low income customers in the 
manner described above, i.e., by reducing prices on the first units of 
water. 

A problem may arise, however, in defining whose interests the water- 
works serve by expansion of production capacity. When the economies of 
scale are realized as a result of expansion, the strict adherence to the 
multipart pricing principle would require that the new users should be 
charged a lower rate than the existing users. If the objective of the 
waterworks is to minimize costs for existing consumers, however, the 
savings will be passed along to existing users by charging a lower rate 
for all users. Under increasing cost conditions the waterworks, acting 
in the interest of the existing consumers, should charge these new users 
a higher price to reflect the full cost of the expansion; i.e., assess 
these differential production costs on the direct heviefletarieare 

Multipart pricing is sufficiently flexible and capable of achieving 
efficient and equitable allocation of costs and benefits stemming from 
provision of water. Furthermore, a review of Alberta's waterworks pricing 
practices (pp. 21 to 27) suggests that multipart pricing is a consideration 
in setting the water rates. Only a refinement of current rate setting 


practices will be needed in order that community benefit may be maximized. 


: One would expect that expanding the service area (as through new subdi- 
visions) would increase average costs, while increasing settlement density 
or increasing water delivery within an established area would reduce the 
average cost of providing water. 

The City of Edmonton has begun to charge developers for the cost of 
installing not only water lines on residential streets, but for the full 
cost of extending water mains to new subdivisions. Since the developers 
pass this cost to home buyers, it becomes another part of pricing water- 


works services. 
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It has been noted earlier that for a satisfactory examination of 
pricing principles and practices, an empirical analysis of demand and 
cost conditions is required. Since the demand for water by Alberta mu- 
nicipalities has been the topic discussed in the previous chapter, the 


following section will be on analyzing cost relations in water supply. 


Analysis of Cost Data 


Factors Affecting Water Cost 


The production of treated, piped water consists of: a) selecting the 
source which may be surface (lakes, rivers, reservoirs, irrigation canals, 
etc.), underground (wells), or a combination of the two; b) conveyance of 
water to the processing plant; c) treating the water to make it suitable 
for human consumption; d) storage and distribution of treated water to 
municipal customers. 


The number and type of treatment process, such as disinfection, sedi- 
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mentation, coagulation, softening, aeration, absorption, chemical oxydation, 


filtration, fluoridation and stabilization, to which water is subjected 
depends on the quality of the intake water. In general, surface sources 
yield a lower overall quality of input water than ground sources and thus 
result in higher processing costs. 

Costs incurred in provision of water are comprised of fixed and vari- 
able factors. Fixed costs are the per period opportunity and depreciation 
costs of capital and administrative costs, such as billing, metering costs 
and capital additions and/or improvenents. Variable costs include such 
cost items that vary in proportion with the quantity of water withdrawn 


by consumers, ise», wages, chemical costs, electricity and costs of con- 
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veyance. Total costs are the sum of fixed and variable cost components 

which vary either with time or output level of the waterworks. According 

to the accounting practices of some waterworks, "total expenditure” includes 
such other expenditures as local taxes, etc. For purposes of this study, 
these additional items were excluded from the data showing total costs, 
average total costs (i.e., total costs divided by the quantity of water 
produced) and marginal costs (that is, the cost incurred from production 

of an additional unit of output). 

The factors assumed to affect significantly unit costs of waterworks 
output are: 1) scale of production measured as an output per annum; 2) 
mode of pricing, iee., whether metering costs are involved; and 3) source 
of water, mainly through its impact on quality of intake water. The area 
serviced by a waterworks may be also of importance because it affects the 
amount of capital opportunity and depreciation costs and the cost of capi- 


tal additions. 


The Hypothesized Functional Relationship 


The functional relationships describing water supply costs for the 
entire community in terms of the parameters in the model may be expressed 


as: 
ATC = £(AP, PL, AR, MP, IC, LK, RS, RV, OS) (12) 
The linear regression relationship may be written: 


ATC =a. +a,AP + a,PL ta 


+ 3 + 
0 1 2 afk a, MP a 


ic + ay LK So a RS + agkV + ee + U 


(13) 
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0 is usually 


termed the intercept, or constant term); 


is the average total cost per 100 cubic meters in dollars 
per year}; 
is the total pumpage in cubic meters per person served per 


year; 


is the common logarithm of the total population served by the 


waterworks}; 


is equal to one only for municipalities which have assessed 


flat rate pricing; 


is equal to one only for municipalities which have metered 


pricing; 


and MP are zero-one dummy variables of mode of pricing, where 


a criterion which is met is scored one and otherwise zero; 


is equal to one only for waterworks processing water from 


irrigation canals; 


is equal to one only for waterworks processing water from 


lakes; 


is equal to one only for waterworks processing water from 
reservoirs; 

is equal to one only for waterworks processing water from 
rivers; 

is equal to one only for municipalities utilizing other than 


the above sources of water; 


IC, LK, RS, RV, and OS are zero-one dummy variables of a primary 


source of water where a criterion which is met is scored one 
and otherwise zero (note that waterworks obtaining water from 


wells are identified by a zero value); 


is the error of the equation having the usual stochastic 


characteristics. 


Since there are no a priori reasons indicating whether the functional 
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form of the relationship will be linear or multiplicative, both forms will 
be examined and the equation which best fits the sample data eit be se- 
lected. The magnitude of the regression coefficients estimated by the 
method of least squares cannot be predetermined ex ante; however, the 

Sign of the coefficients of AP and PL is expected to be negative, signi- 
fying economies of scale. In the case of dummy variables, the magnitude 
and algebraic sign will also be influenced by the selection of a variable 
serving as a base. For example, when flat rate pricing acts as a base, the 
sign of AR and MP can be expected to be positive and the magnitude of MP 
to be greater than AR, meaning that flat rate pricing is the least costly 
method of administering water rates, followed by assessed flat rate pricing, 
while the most costly method is metered pricing. A similar reasoning may 
be applied in the case of different sources of water where the utilization 


of underground water may be shown to be the least costly source. 


Estimated Cost Function 


This section presents an estimate of cost function using adjusted 
annual expenditure data for 102 Alberta municipalities in the sampled, 
Table 33 shows the means, standard deviations and coefficients of vari- 
ation of the sample data. The relatively high values of the coefficient 
of variation for total pumpage ae person and the average total cost per 
100 cubic meters of output reflect the presence of large and small scale 


waterworks in the sample. There are 66 municipalities metering their resi- 


; In fact, all the data required by the estimating equation were secured 
for only 51 municipalities, but they were complete for both studied years. 
The preference has been given to combine the two years observation to one 
sample rather than using the averages of the two years 1966 end 1967. 
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TABLE 33 


JOINT SAMPLE OF MUNICIPALITIES -- AVERAGE TOTAL COST 


ATC 18.076 
AP 154.168 
PL 3.492 


Note: ATC is the average total cost per 100 cubic meters in dollars; 


(N = 102) 


Coefficient 
of 
Variation 


Standard 
Deviation 


AP is the total pumpage in cubic meters per person served per 


year; 


PL is the total population served by the waterworks in logarithm 
to base 10. | 


dential customers in the sample. From the remaining 36 municipalities, 25 
communities are using flat rate pricing and 11 communities charge their 
residential customers assessed flat rates. By source, 42 communities obtain 
water from rivers, 32 communities from underground sources (wells), 10 
communities from irrigation canals, 10 communities from lakes, 6 communi- 


ties from reservoirs, and 2 communities depend on other sources for their 


water needs. 


In Table 34 the matrix of correlation coefficients of variables 
tested by the estimating equation (12) is presented. The negative alge- 
braic signs and the magnitude of the correlation coefficients clearly 


demonstrate the impact of large scale production on the average cost. 
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On the other hand, in municipalities employing metering and/or depending 

on reservoirs for their water, the average costs are likely to be high. 
When the theoretical equation (12) (p. 103) assumed to "explain" the 

variation in the average total cost, has been subjected to least squares 


analysis, the following linear equation of "best fit" is secured: 


ATC = 43.536 - 7.604PL - 0.050AP” + 7.731MP"” + 3,140AR + 14,518RS"” + 


standard 
ee EOS 1.298 0.009 1.647 2.985 2.780 
HH fe) al 
+ 6.999RV. + 2.5110S - 3.4871C° - 0.089LK (14) 
standard 
errors : Hl 647 4.571 26370 pele) 
BOS oro) revalie tens N = 102 


In the above equation, the flat rate pricing serves as a base for 
investigation of pricing methods, and wells are the base from which to 
evaluate the contribution of different primary sources of water to the 
average total cost of vroduction. The explained variation in the average 
total cost is 0.70 and all major variables in the equation have coef- 
ficients significantly different from zero at high probability levels. 
The magnitude of the intercept (43.536) indicates the presence of a 
rather large fixed component of total costs. Negative algebraic signs 


and magnitudes of variables PL and AP signify presence of economies of 


t fox explanation of symbols, see footnote 2, De 76. 
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scale in the above euetion = In the next section, where marginal costs 
will be calculated, this tentative assertion may be stated with more 
confidence. 

When the impact of mode of pricing on the average total cost is e- 
valuated, both varieties of flat rate pricing contribute less to water- 
works costs than metering does, ceteris paribus. This finding may be of 
importance to waterworks managers especially in the case of abundant 
water supplies associated with low unit costs. 

It appears that, other things being equal, ground water sources and 
lakes prove to be less costly to exploit than water from reservoirs, 
rivers or other sources. Waterworks drawing their water from irrigation 


canals have lower costs than those drawing from wells. 


Derivation of the Marginal Cost Curves An Illustration 


On several occasions the results of the analysis of Alberta water- 
works expenditure data have suggested the presence of economies of scale 
in the industry. It is the object of this section to determine the re- 
lationship between the output of a hypothetical waterworks, as charac- 
terized by its gross pumpage, and a corresponding marginal cost. The 
following analysis is based on equation (14), stating the average total 
cost relationship. For illustrative purposes, it is assumed that the 
waterworks in question employs metering and drew its water from a river. 


Then, equation (14) becomes: 


: The variables PL and AP form an identity where: Gross waterworks pumpage 
(TP) = Population served (10PL) x Total pumpage per person served (AP). 
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ATC = 43.536 - 7.604PL - 0.050AP + 7.731MP + 6.999RV (15) 


where : 
MP is equal to one (case of metering); 
RV is equal to one (case of pumping water from rivers); 


AP is the total pumpage in cubic meters per person served per 


year} 


PL is the total population served by the waterworks in logarithm 
to base 10. 


After collecting terms: 


ATC = 58.266 - 7.604PL ~- 0.050AP (16) 


It is realized that the total pumpage (or TP) is not independent of 
a community size as expressed by the number of residents. For this reason, 
marginal cost will be determined for the two cost-related variables which 
have been isolated in the previous section: population (PL) and pumpage 
per person (AP). The marginal cost, with respect to changes in popu- 
lation, is of the nature of a "long-run" cost curve since it is measured 
against the entire cross section of municipalities (with different water- 
works plants and capacities and settlement lay-outs which together de- 
termine cost factors that are subject to change only by investment, and. 
possible only during considerable periods of time). 

On the other hand, the change in costs (marginal and average) re- 
sulting from a change in per person pumpage (AP) might be considered as 
an approximation of a short-run cost curve. 


The following are the calculations of: 1) marginal cost function 
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reflecting changes in population, and 2) marginal cost function reflecting 


changes in per person pumpages. 


i ATC = a) - b, log, P - b AP (16a) 
Because marginal cost can be calculated directly only from a total cost 
function, the above equation will be multiplied by the waterworks total 


pumpage TP = AP x P: 


AP x Plog, )P - b AP“ x P (17) 


Tc = AAP x P-b D 


1 


The partial derivative of the above equation with respect to P (holding 


AP constant at various levels) generates the following equation: 


daTc/dP = MC, = AP((a, - (b,log, P + b,P/inio x 1/P) - b,AP)) (18) 
ors: 
dTc/aP = Wee AP(a, - b, /1n10 eee tog, bas b, AP) (19) 


Dividing the above equation by AP, the MC., function in terms of dollars 


per 100 cubic meters can be obtained: 


MC, = a) - db, x 0.4343 - Eanes ae (20) 


By substituting the values from equation (16) into equation (20) and 


collecting terms, the following marginal cost equation with respect to 


population is obtained: 
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NC, ($/100m?) = 54.964 - 7.604PL - 0.050AP (21) 


II. The partial derivate of equation (17) with respect to average 
pumpage per person (AP) when holding population (PL) constant at various 


levels generates the following equation: 


dTc/dAC = MC,> = a oP - b,PL x P - 2b,AP x P (22) 
Dividing the above equation (20) by P and substituting the values from 
equation (16) the following marginal cost equation with respect to 


average pumpage in terms of dollars per 100 cubic meters is obtained: 
MC ap ($/100m?) = 58.266 - 7.604PL - O.1AP (23) 


When the mean values of PL and AP, as given in Table 33, are substi- 
tuted into equations (16) and (21) it becomes obvious that the hypothetical 
waterworks operates under decreasing cost conditions because the average 
cost at that output level is equal to $ 24.04 per 100 cubic meters while 
the “long-run” marginal cost is only $ 20.70 per 100 cubic meters, In 
Figure 8 the relationship between "long-run" marginal and average costs 
and a corresponding total pumpage of the waterworks is demonstrated. The 
diagram is based on the assumption that there is no fluctuation in the 
average pumpage per person per year as a result of changes in total output 
level. Levels of output, as stated in the diagram, correspond to a par- 
ticular size of municipality characteristic in a Alberta situation. The 
diayram clearly demonstrates that the hypothetical waterworks operates 


under a decreasing cost situation throughout the relevant range of pro- 


duction. 
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The fluctuation of total pumpage per person in relation to municipal 
size is shown in Table 35 based on 1966-1967 data and equation (23). 
Municipalities have been divided into six size groups, according to popu- 
lation size. This division very closely approximates different sizes of 
waterworks, assuming that the sale of water outside the corporate limits 
is not significant. The terms "-SD" and "4+SD" represent the fluctuation 
of one standard deviation around the mean value of the total pumpage per 
person for a particular size group. The data in Table 35 demonstrate the 
effect of per person pumpage upon marginal costs for a given population. 

Figure 9 shows a family of short-run marginal panes for different 
sizes of waterworks. For each level of output the coefficient of cost e- 
lasticity has been palcularede The: value of the coefficient provides an 
indication of the responsiveness of cost to changes in the output level, 
It is the measure of relative cost change for a given change in output 
value. Elasticity of one indicates an equiproportionate change. Zero e- 
lasticity suggests that costs will not respond to further increases in 
output. According to the cost and elasticity data given in Figure 9, not 
only is marginal cost strongly influenced by the waterworks volume of - 
output, but also the capability of reducing the impact of output changes 


on cost is dependent on waterworks size. 


1 the “short-run" cost curves (Figure 9) are not conventional short-run 
curves. They can be defined as expressing the change in unit cost induced 


by a change in per person pumpage (AP) for a given population. 


The mathematical formula on which the calculation of point-cost elasti- 
cities is based is as follows: 
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SHORT-RUN MARGINAL COST CURVES FOR WATERWORKS OF DIFFERENT OUTPUT LEVELS, 


Marginal Cost 
(Dollars per 100 Cubic Meters) 


FIGURE 9 


ALBERTA, 1966-1967 


(The length of each marginal cost curve represents the range of t one 
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Waterworks Price-Quantity Combination 


In this section the "long-run" marginal cost function (21) will be 
discussed in relation to the demand function (11) which is also derived 
from data relevant to Alberta waterworks. For reasons of comparability, 
it will be assumed that the hypothetical waterworks are utilizing a river 
as a primary source of water and employ metering. Thus, the demand esti- 


mating equation becomes: 
D = AP = 187.068 + 0.272PD - 17.759HS - 327825 (24) 


When the values of variables representing precipitation deficit (PD) and 
household size (HS) are set to their sample averages (i.e., 259.24 and 
3.77, respectively, as shown in Table 31, p. 85), then the expenditure 
per 100 cubic meters (E)s which is a substitute for price, becomes the 


main determining factor of the quantity demand. 
AP = 190.63 - 3.782 EB. (25) 


In the marginal cost estimating equation (21), the variable of popu- 
lation size will be set to different values which are relevant in the 
Alberta context. This procedure will enable the estimation of marginal 


cost data for various output levels. 
NC, ($/100n?) = 5i4.964 - 7.604PL - 0.054P (26) 


Solving the demand and cost equations simultaneously, the price and 


output combination at which demand and cost curves cross each other can 
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be determined. Following is an example of calculations involved in deter- 
mination of the equilibrium price-quantity combination where the price of 


water is set to its long-run marginal cost. 


Demand: AP = ay - b,P (27) 


where: 


PF is price, 


sine P =MC =a, - b,AP (28) 


(case of decreasing costs). 


Step 1: Rearranging the terms: 
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Step 2: Multiplying equation (29) by the coefficient by: 


eb) 
oO 
i 


boAP + b,boP (31) 


es oy (-) (32) 


© 
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Step 3: Subtracting equation (32) from equation (31) and solving for 


price (P): 


t It is assumed that the marginal cost function also represents water- 
works' supply function, i.e., it summarizes waterworks quantity reaction 


to various prices. 
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By 7 Apb> = (1 - byb,) P (33) 
a, - ab 
bd a ee) 


Step 4; Substituting the value of price (P = c) secured above into 


equation (27) and solving for average pumpage per person (AP); 
AP =a. -b,c =a (35) 


In Figure 10 the equilibrium price-quantity points for different 
populations are shown. At each such point, the price of water is set at 
its long-run marginal cost. This price, on the other hand, also expresses 
the consumers' valuation of the output which is at its socially optimal 
level. Since marginal cost equation (21) represents a decreasing cost situ- 
ation where marginal cost is lower than the unit cost (see Figures 6 and 
7y PPe 93 and 96), the waterworks will incur a loss by charging the price 
just equal to marginal cost. The inclusion of some form of assessed charge 
reflecting the differences in the load factor! of the individual water 
users would then ensure not only covering all costs by price but would 
also assure the greatest possible compliance with an economically efficient 
resource allocation. 

The presence of significant economies of scale in the industry also 
explains why many small municipalities find it financially advantageous 


to purchase water from large-output waterworks despite water rates which 


: For more detailed discussion on this topic see pp. 98-102. 
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include a surcharge of up to 35 re ree 


: The City of Edmonton sells over 10 percent of its annual pumpage to a 
number of surrounding municipalities for a price which includes a 
surcharge of 35 percent. 


CHAPTER V 


SUMMARY AND CONCLUSIONS 


Analysis of Alberta waterworks pumpage data, water purchase data by 
major classes of municipal waterworks customers, and data on waterworks 
revenues and expenditures has made possible a number of conclusions re- 
garding the nature of demand for water, cost relations in water supply, 
pricing policy, and the direction of future investigations. 

1) In 1967, municipal waterworks provided treated, piped water to more 
than 70 percent of the total Alberta population, i.e., to 98.2 percent 
of municipal residents residing in 315 municipalities throughout the 
province. The southwestern and northern regions of central Alberta show 
the main concentration of municipal population depending on rivers for 
their water needs. However, the majority of small-scale waterworks utilized 
te ee sources of water. It is estimated that the annual withdrawal 
of water by all Alberta waterworks in 1967 was over 186 million cubic 
meters. On the average, 56 percent of waterworks gross pumpage is for resi- 
dential use, 34 percent is for commercial and industrial uses, and the 
remaining 10 percent is for public and other uses. The percentage distri- 
bution of gross pumpage is strongly influenced by the size of the munici- 
pality expressing the concentration of large commercial and industrial 
users. 

2) Community water demand is greatly affected not only by absolute 
numbers of customers in each user class, but also by the mode of pricing, 
i.e., whether water consumption by customers is metered or not. It appears 
that the annual gross pumpage per person in flat rate pricing munici- 
palities exceeds that in metered Rumi tee by a factor of 1.6. The 


phenomenon is caused mainly by high residential consumption in these munici- 
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palities. 

3) All reported waterworks prefer to employ some form of user's charges 
over general taxation. There are basically two pricing methods widely used 
throughout the province. These are: metered rates which impose marginal 
monetary costs on the consumer, and flat rates which are characterized by 
zero variable price. In a number of Alberta municipalities, the rates are 
levied on the basis of some factors believed to significantly influence 
the level of water use. Such a rate is referred to as an assessed flat 
rate. Virtually all reported metered municipalities use a block meter 
rate schedule, which includes a graduated minimum rate that increases as 
the size of the meter increases. In most cases, some base quantity of 
water is allowed with the minimum bill. Water consumption in excess of 
this amount is charged at the "commodity" price. The minimum rates, vari- 
able rates and, to a certain degree, flat rates per residential account 
appear to reflect economies of large scale production because they vary 
with the size of the waterworks. 

4) Water sales revenues are the major source of waterworks revenue. 
General revenue funds, obtained by taxation and other means, are frequently 
drawn upon to cover waterworks’ expenditures, Only the largest Alberta 
waterworks show an operating surplus and make net contributions to the 
municipal general revenue fund. It is evident that the industry is charac- 
terized by economies of scale where the decline in the expenditure per 
unit is of the order of 3.7 between the smallest and largest in the 
province. As water users and municipal aay eaey in general, urban 
Albertans pay less for waterworks services in municipalities served by 
large output waterworks. 

5) It was hypothesized that structural relationships exist between 


average annual residential use by individual residents, the average water- 
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works pumpage per person served, and a number of “explanatory” variables. 
The total pumpage and residential water use have been averaged over a 
period of two years. Both pumpage and residential water use data are not 
free from errors in measurement. In spite of these errors in the dependent 
variables, and employing secondary data in the case of some "explanatory" 
variables, the results of least squares analysis have provided useful 
information regarding the structural relationship. 

In metered municipalities, the pricing policy of allowing some base 
quantity of water with the base rate tends to increase the level of resi- 
dential water use per resident. On the other hand, an increase in the base 
rate may be expected to reduce water demands (the coefficient of price 
elasticity is -0.28). 

When residential customers are subjected to flat or assessed flat 
rates, any increase in the rate will stimulate water use (the price elas- 
ticity is +0.63). This relationship is exactly opposite to that found in 
metered municipalities, where the size of a bill restrains water use. An 
increase in affluence of residential customers, as measured by the as- 
sessed building and land value, is also positively related to the level 
of water use (the price elasticity of this term is 0.71). 

The analysis of the combined sample of municipalities which differ 
with respect to pricing methods indicates the impact of the mode of pricing 
on residential water use. The evidence at hand suggests that the decision 
to meter residential water would result in reduction in water use and thus 
may postpone required waterworks expansion or decrease seasonal peak de- 
mands. 

A similar influence of mode of pricing can be observed when the total 
pumpage per person served is analyzed. The coefficient of price elasticity 


(-0.46) indicates a moderate degree of responsivness of all municipal users, 
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as a group, to changes in water rates. Differences in the moisture deficit 
have been shown to have small impact on the total (annual ) pumpage. 

The relatively low explanatory "power" of certain variables, such as 
moisture deficit, assessed real estate value, and water rate, in the case 
of an equation estimating residential water consumption is puzzling. 

It appears that consumers do adjust their water use levels for dif- 
ferences in wealth, pricing methods, and for higher or lower prices whenever 
an incentive and an opportunity to do so exists. 

6) The provision of adequate water supplies is of public interest. 
However, the production of treated, piped water is characterized by heavy 
initial outlays. The problem, then, is to determine which of the price- 
output combinations, from the social point of view, yields the most ef- 
fective allocation of resources. Waterworks are "natural" monopolies, and 
in most cases are owned by the local governments. Thus, price setting is 
of prime importance. Consideration has been given to the subject of price 
policy as a device to make better use of existing facilities and as a 
means to foster better decisions concerning the magnitude and timing of 
new investment. A multipart pricing schedule has been suggested. Multipart 
pricing, because of inclusion of marginal cost pricing and an assessed 
charge, would ensure not only covering all operating costs by price but 
would also assure the greatest possible compliance with an economically 
efficient resource allocation. 

7) A multiple regression analysis of operating expenditures has 
clearly demonstrated the presence of economies of scale in the industry. 
It has also been shown that metering is not a costless alternative and 
this may be of importance to waterworks managers, especially in the case 
of abundant water supplies associated with low unit costs. Other things 


being equal, ground water seems to be less costly to exploit than water 
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from rivers or reservoirs, apparently because the quality of the intake 
water influences treatment costs. 

The existence of significant economies of scale in the production 
of quality drinking water places smaller municipalities at a disadvantage. 
It appears that the consolidation of small output waterworks would be an 
alternative. The feasibility of consolidating waterworks would depend to 
a large degree on the location of the communities in relation to a common 
source of water, as well as on other economic and political factors. 
Nevertheless, possibilities for taking advantage of economies of scale in 
water production exist in Alberta as demonstrated by sales of water outside 
the corporate limits of large output waterworks. 

8) The empirical version of the pricing discussion points out that 
analysis of demands should be made in conjuction with an analysis of the 
costs of water supply and water pricing policies in order to take account 
of water user responses to changes in supply costs as these costs are 
passed on to the municipal user either in the form of a direct price or 
a tax rate. The form of pricing has been shown to be an important determi- 
nant of demand patterns. If resources devoted to provision of water for 
community usage are to be allocated to provide maximum benefits from their 
use, consideration has to be given to waterworks price policy. 

9) Further research should be undertaken, especially to study the ef- 
fect of various factors in the case of flat rate pricing municipalities. 
More consideration should be given to improved pumpage and consumption 


statistics. There is also room to experiment with other cost forms. 
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APPENDIX III 
SELECTED ESTIMATING EQUATIONS FOR: 


RESIDENTIAL WATER USE IN METERED 
MUNICIPALITIES 


TOTAL PUMPAGE IN METERED MUNICIPALITIES 
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